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Pxowlodwhudo Wudgh Qhjrwldwlrqv/ Elodwhudo
Rssruwxqlvp dqg wkh Uxohv ri JDWW
N|oh Edjzhoo dqg Urehuw Z1 Vwdljhu￿
Odvw Uhylvhg= Pdufk/ 4<<<
Devwudfw
Wudgh qhjrwldwlrqv rffxu wkurxjk wlph dqg ehwzhhq wkh jryhuqphqwv ri
pdq| frxqwulhv1 Dq lpsruwdqw lvvxh lv wkxv zkhwkhu wkh ydoxh ri frqfhv0
vlrqv wkdw d jryhuqphqw zlqv lq d fxuuhqw qhjrwldwlrq pd| eh hurghg lq d
ixwxuh elodwhudo qhjrwldwlrq wr zklfk lw lv qrw sduw|1 Lq wkh devhqfh ri uxohv
wkdw jryhuq wkh elodwhudo qhjrwldwlrq/ zh ￿uvw vkrz wkdw wkh srwhqwldo iru
rssruwxqlvwlf elodwhudo djuhhphqwv lv lqghhg vhyhuh1 Zh qh{w lghqwli| uxohv
ri qhjrwldwlrq wkdw vhuyh wr surwhfw wkh zhoiduh ri jryhuqphqwv wkdw duh qrw
sduwlflsdwlqj lq wkh elodwhudo qhjrwldwlrq1 Wkh ￿uhflsurfdo pdunhw dffhvv￿
uxoh hqvxuhv wkdw wkh pdunhw dffhvv ri d qrq0sduwlflsdwlqj frxqwu| lv xqdo0
whuhg/ dqg zh vkrz wkdw wklv uxoh holplqdwhv wkh srwhqwldo iru rssruwxqlvwlf
elodwhudo qhjrwldwlrqv1 Wklv uxoh/ krzhyhu/ kdv sudfwlfdo olplwdwlrqv/ dqg vr
zh qh{w frqvlghu wkh qhjrwldwlrq uxohv wkdw duh surplqhqw lq JDWW sudfwlfh
dqg glvfxvvlrq1 Rxu pdlq ￿qglqj lv wkdw wkh wzr fhqwudo uxohv ri JDWW 0
qrq0glvfulplqdwlrq +PIQ, dqg uhflsurflw| 0 h￿hfwlyho| plplf wkh uhflsur0
fdo pdunhw dffhvv uxoh/ dqg wkhuhiruh r￿hu d sudfwlfdo phdqv wkurxjk zklfk
wr surwhfw qrq0sduwlflsdqw zhoiduh dqg wkhuhe| holplqdwh wkh srwhqwldo iru
rssruwxqlvwlf elodwhudo qhjrwldwlrqv1
41 Lqwurgxfwlrq
Ryhu lwv 83 |hdu klvwru|/ JDWW kdv vhuyhg uhpdundeo| zhoo wr hqfrxudjh pxo0
wlodwhudo wudgh olehudol}dwlrq1 Wklv olehudol}dwlrq kdv ehhq dffrpsolvkhg wkurxjk
￿Froxpeld Xqlyhuvlw| dqg QEHU +Edjzhoo, dqg Wkh Xqlyhuvlw| ri Zlvfrqvlq dqg QEHU
+Vwdljhu,1 Zh wkdqn Jlrydqql Pdjjl/ Mrkq PfOduhq dqg vhplqdu sduwlflsdqwv dw Plfkljdq
Vwdwh Xqlyhuvlw|/ Sulqfhwrq Xqlyhuvlw| dqg Wkh Xqlyhuvlw| ri Fklfdjr iru khosixo frpphqwv1d vhulhv ri djuhhphqwv qhjrwldwhg dprqj wkh phpehu frxqwulhv/ dqg dq lpsru0
wdqw uroh ri JDWW kdv ehhq wr surylgh d frqwlqxrxv qhjrwldwlqj iruxp iru wklv
sxusrvh1 Hdfk ri wkhvh djuhhphqwv dprxqwv hvvhqwldoo| wr d zhe ri elodwhudo uhfls0
urfdo h{fkdqjhv ri pdunhw dffhvv frqfhvvlrqv ehwzhhq qhjrwldwlqj jryhuqphqwv/
vhfxuhg e| frpplwphqwv wr uhgxfh wdulv dqg rwkhu wudgh eduulhuv/ dqg pxowlodw0
hudol}hg e| wkh prvw0idyruhg0qdwlrq +PIQ, sulqflsoh/ zklfk uhtxluhv wkdw hdfk
JDWW phpehu rhu wr hyhu| rwkhu JDWW phpehu dffhvv wr lwv pdunhwv rq qrq0
glvfulplqdwru| whupv +vhh Mdfnvrq/ 4<9</ ss1 54:057;/ ru Krhnpdq dqg Nrvwhfnl/
4<<8/ ss1 890;6,1
Wkh olehudol}dwlrq wkdw kdv ehhq dfklhyhg wkurxjk JDWW qhjrwldwlrqv lv hvsh0
fldoo| qrwhzruwk| lq oljkw ri wkh idfw wkdw qhjrwldwlrqv rffxu wkurxjk wlph ehwzhhq
wkh jryhuqphqwv ri ydulrxv frxqwulhv1 Wklv ihdwxuh udlvhv wkh srvvlelolw| wkdw wkh
pdunhw dffhvv lpsolhg e| h{lvwlqj wdul frpplwphqwv pd| eh dowhuhg e| wdul
frpplwphqwv pdgh dw vrph srlqw lq wkh ixwxuh1 D sduwlfxodu frqfhuq lv wkdw wkh
ydoxh ri frqfhvvlrqv wkdw d jryhuqphqw zlqv wrgd| pd| eh hurghg lq d ixwxuh
elodwhudo qhjrwldwlrq wr zklfk lw lv qrw sduw|1 Wdnlqj wkh dujxphqw d vwhs ixuwkhu/
li jryhuqphqwv uhfrjql}h wkdw fxuuhqw pdunhw dffhvv uhodwlrqv pd| eh yxoqhudeoh
wr rssruwxqlvwlf elodwhudo djuhhphqwv lq wkh ixwxuh/ wkhq wkh| pd| h{fkdqjh frq0
fhvvlrqv zlwk wuhslgdwlrq1 D pxowlodwhudo wudgh rujdql}dwlrq vxfk dv JDWW +qrz
wkh ZWR, lv wkxv pruh olnho| wr hhfwlyho| dfklhyh lwv remhfwlyhv/ li lw lqfoxghv
uxohv ri qhjrwldwlrq wkdw vhuyh wr surwhfw wkh ydoxh ri suhylrxv frqfhvvlrqv zrq e|
jryhuqphqwv wkdw duh qrw sduwlflsdwlqj lq fxuuhqw elodwhudo qhjrwldwlrqv1
Wklv glvfxvvlrq vxjjhvwv d sdlu ri lqwhuhvwlqj wkhruhwlfdo txhvwlrqv1 Iluvw/ lq
wkh devhqfh ri uxohv wkdw jryhuq wkh qdwxuh ri qhjrwldwlrqv/ wr zkdw h{whqw duh
jryhuqphqwv hqjdjhg lq d elodwhudo qhjrwldwlrq deoh wr dssursuldwh zhoiduh iurp
qrq0sduwlflsdwlqj jryhuqphqwvB Lq rwkhu zrugv/ lv wkhuh d urexvw wkhruhwlfdo edvlv
iurp zklfk wr frqfoxgh wkdw wkh srvvlelolw| ri d ixwxuh elodwhudo djuhhphqw ehwzhhq
rwkhu jryhuqphqwv uhsuhvhqwv dq lpsruwdqw frqfhuq iru d jlyhq jryhuqphqwB Vhf0
rqg/ li wklv frqfhuq lv lqghhg ohjlwlpdwh/ wkhq krz hhfwlyh duh JDWW*v uxohv lq
surwhfwlqj wkh zhoiduh ri qrq0sduwlflsdwlqj jryhuqphqwv dqg wkhuhe| doohyldwlqj
wklv frqfhuqB
Wkhvh txhvwlrqv duh ri pruh wkdq wkhruhwlfdo lqwhuhvw1 JDWW Glvsxwh Sdqhov
frqvlvwhqwo| uhfrjql}h wkdw wkh ydoxh ri d wdul frqfhvvlrq lv wkh lpsuryhg pdunhw
dffhvv zklfk lw uhsuhvhqwv1 Dffruglqjo|/ zkhq d jryhuqphqw wdnhv vrph dfwlrq
wkdw qxoolhv ru lpsdluv d suhylrxv frqfhvvlrq pdgh wr vrph wudglqj sduwqhu/
wkdw sduwqhu kdv d srwhqwldoo| ohjlwlpdwh edvlv iurp zklfk wr oh d frpsodlqw14
4Wklv ylhz lv h{hpsol￿hg e| wkh iroorzlqj h{fhusw iurp d JDWW sdqho uhsruw +frqfhuqlqj
5Wkhvh frpsodlqwv duh kdqgohg xqghu JDWW Duwlfoh [[LLL/ dqg wkh| pd| wdnh
vhyhudo irupv1 D ylrodwlrq frpsodlqw rffxuv zkhq d jryhuqphqw lv doohjhg wr
kdyh eurnhq dq h{solflw JDWW uxoh1 D vhfrqg srvvlelolw| lv d qrq0ylrodwlrq
frpsodlqw1 Dv Shwhuvpdqq +4<<:, ghwdlov/ wkh wkuhh frqglwlrqv hvwdeolvkhg e|
JDWW sdqhov iru d vxffhvvixo qrq0ylrodwlrq frpsodlqw duh wkdw= +4,1 d uhflsurfdo
frqfhvvlrq zdv qhjrwldwhg ehwzhhq wzr wudglqj sduwqhuv> +5,1 d vxevhtxhqw dfwlrq
zdv wdnhq e| rqh jryhuqphqw/ zklfk/ wkrxjk frqvlvwhqw zlwk JDWW duwlfohv/
dgyhuvho| dhfwhg wkh pdunhw dffhvv drughg wr lwv wudglqj sduwqhu> dqg +6,1 wklv
dfwlrq frxog qrw kdyh ehhq uhdvrqdeo| dqwlflsdwhg e| wklv sduwqhu dw wkh wlph ri
wkh qhjrwldwlrq ri wkh ruljlqdo wdul frqfhvvlrq1 Wkhuh duh d ydulhw| ri dfwlrqv wkdw
kdyh lqvwljdwhg frpsodlqwv +ri hlwkhu irup,/ lqfoxglqj grphvwlf vxevlglhv/ surgxfw
uh0fodvvlfdwlrqv/ dqg elodwhudo wudgh qhjrwldwlrqv zlwk rwkhu sduwqhuv1 Zh irfxv
rq wkh odwwhu srvvlelolw| khuh15
Wr dgguhvv wkhvh txhvwlrqv/ zh ghyhors d jhqhudo0htxloleulxp prgho ri wudgh lq
wzr jrrgv ehwzhhq wkuhh frxqwulhv1 Lq sduwlfxodu/ zh dvvxph wkdw d krph frxqwu|
h{sruwv rqh jrrg wr wzr iruhljq frxqwulhv lq h{fkdqjh iru lpsruwv iurp wkhp ri
d vhfrqg jrrg1 Iroorzlqj rxu hduolhu zrun +Edjzhoo dqg Vwdljhu/ iruwkfrplqj,/
zh uhsuhvhqw wkh remhfwlyhv ri hdfk jryhuqphqw dv d jhqhudo ixqfwlrq ri lwv orfdo
sulfhv dqg whupv ri wudgh1 Wklv dssurdfk kdv vhyhudo dgydqwdjhv1 Iru lqvwdqfh/ lw
lv yhu| jhqhudo/ ehlqj frqvlvwhqw erwk zlwk wkh wudglwlrqdo ylhz wkdw jryhuqphqwv
pd{lpl}h qdwlrqdo lqfrph e| wkhlu wdul fkrlfhv dqg zlwk wkh ylhz hperglhg lq
ohdglqj srolwlfdo0hfrqrp| prghov wkdw jryhuqphqwv duh frqfhuqhg derxw wkh glv0
wulexwlrqdo lpsdfwv ri wkhlu wdul fkrlfhv dv zhoo1 Lq dgglwlrq/ e| uhsuhvhqwlqj
jryhuqphqw suhihuhqfhv lq wklv zd|/ wkh fkdqqho wkurxjk zklfk rqh jryhuqphqw*v
wkh XV frpsodlqw uhjduglqj HHF vxevlglhv iru grphvwlf rlovhhg surgxfhuv,=
￿111wkh pdlq ydoxh ri d wdul￿ frqfhvvlrq lv wkdw lw surylghv dq dvvxudqfh ri ehwwhu pdunhw dffhvv
wkurxjk lpsuryhg sulfh frpshwlwlrq1 Frqwudfwlqj sduwlhv qhjrwldwh wdul￿ frqfhvvlrqv sulpdulo|
wr rewdlq wkdw dgydqwdjh1 Wkh| pxvw wkhuhiruh eh dvvxphg wr edvh wkhlu wdul￿ qhjrwldwlrqv rq
wkh h{shfwdwlrq wkdw wkh sulfh h￿hfw ri wkh wdul￿ frqfhvvlrqv zloo qrw eh v|vwhpdwlfdoo| r￿vhw1
Li qr uljkw ri uhguhvv zhuh jlyhq wr wkhp lq vxfk d fdvh/ wkh| zrxog eh uhoxfwdqw wr pdnh wdul￿
frqfhvvlrqv dqg wkh Jhqhudo Djuhhphqw zrxog qr orqjhu eh xvhixo dv d ohjdo iudphzrun iru
lqfrusrudwlqj wkh uhvxowv ri wudgh qhjrwldwlrqv1￿ +dv txrwhg lq Shwhuvpdqq/ 4<<:/ s1 49;,
5D uhfhqw h{dpsoh ri d elodwhudo djuhhphqw wkdw kdv ohg wr d ylrodwlrq qxool￿fdwlrq0dqg0
lpsdluphqw frpsodlqw lv wkh rq0jrlqj XV0HF glvsxwh ryhu wkh HF wudgh srolf| zlwk uhvshfw
wr edqdqdv1 H{dpsohv ri elodwhudo djuhhphqwv wkdw kdyh ohg wr qrq0ylrodwlrq qxool￿fdwlrq0dqg0
lpsdluphqw frpsodlqwv duh +l,1 wkh XV frpsodlqw uhjduglqj wdul￿ suhihuhqfhv qhjrwldwhg e|
wkh HF rq flwuxv surgxfwv iurp fhuwdlq Phglwhuudqhdq frxqwulhv/ dqg +ll,1 wkh HF frpsodlqw
uhjduglqj dvshfwv ri wkh elodwhudo djuhhphqw ehwzhhq wkh XV dqg Mdsdq frqfhuqlqj wudgh lq
vhpl0frqgxfwru surgxfwv1
6wdul fkrlfhv lpsrvh dq h{whuqdolw| rq dqrwkhu jryhuqphqw*v zhoiduh lv pdgh fohdu1
Wklv khosv wr pdnh wudqvsduhqw erwk wkh phdqv wkurxjk zklfk qhjrwldwlqj jry0
huqphqwv pd| dssursuldwh wkh zhoiduh ri d qrq0sduwlflsdwlqj jryhuqphqw dqg wkh
pdqqhu lq zklfk ydulrxv uxohv ri qhjrwldwlrq pd| olplw wklv hqghdyru1
Zlwklq wklv iudphzrun/ zh k|srwkhvl}h wkdw wkh jryhuqphqwv kdyh dfklhyhg
dq lqlwldo pxowlodwhudo wudgh djuhhphqw/ dqg zh wkhq frqvlghu wkh vfrsh iru d vxe0
vhtxhqw pxwxdoo|0ehqhfldo elodwhudo djuhhphqw ehwzhhq wkh krph frxqwu| dqg
rqh ri lwv iruhljq wudglqj sduwqhuv1 Zh duh hvshfldoo| lqwhuhvwhg lq rssruwxqlvwlf
elodwhudo djuhhphqwv/ lq zklfk wkh elodwhudo jdlqv frph dw wkh h{shqvh ri wkh zho0
iduh ri wkh qrq0sduwlflsdwlqj iruhljq jryhuqphqw1 Zh wkxv irfxv sulpdulo| xsrq
lqlwldo djuhhphqwv wkdw duh h!flhqw +jlyhq jryhuqphqwv* suhihuhqfhv,/ dv wkhq d
elodwhudo jdlq lv srvvleoh rqo| li wkh zhoiduh ri wkh h{foxghg iruhljq jryhuqphqw
lv glplqlvkhg1 Dv d e|0surgxfw/ rxu dqdo|vlv wkhuhiruh dovr dqvzhuv d pruh vsh0
flf txhvwlrq= Li jryhuqphqwv duh deoh wr dfklhyh dq h!flhqw pxowlodwhudo wudgh
djuhhphqw/ lv wklv djuhhphqw vwdeoh djdlqvw ixwxuh elodwhudo qhjrwldwlrqvB
Iurp wklv shuvshfwlyh/ zh dvvhvv wkh vwdelolw| ri dq lqlwldo pxowlodwhudo wudgh
djuhhphqw dprqj wkh wkuhh frxqwulhv wr wkh srvvlelolw| ri ixwxuh elodwhudo wudgh
djuhhphqwv ehwzhhq wkh krph frxqwu| dqg hlwkhu ri lwv wzr wudglqj sduwqhuv1 Zh
h{soruh wklv lvvxh lq wkh frqwh{w ri d ydulhw| ri glhuhqw uxohv wkdw pd| jryhuq wkh
vwuxfwxuh ri wkh elodwhudo djuhhphqw1 Wr ehjlq/ zh frqvlghu d prvw0edvlf vhw ri uxohv
wkdw gr qr pruh wkdq fdswxuh wkh hvvhqwldo phdqlqj ri d elodwhudo qhjrwldwlrq1 Lq
sduwlfxodu/ wkhvh edvlf uxohv uhfrjql}h wkdw wkh wdul ri iruhljq frxqwu|  grhv qrw
fkdqjh dv sduw ri dq| elodwhudo djuhhphqw ehwzhhq wkh krph frxqwu| dqg iruhljq
frxqwu| 1 Rwkhuzlvh/ wkh edvlf uxohv zlwk zklfk zh ehjlq duh yhu| shuplvvlyh=
wkh| doorz wkdw wkh krph frxqwu| fdq lpsrvh glvfulplqdwru| wdulv djdlqvw wkh
lpsruwv iurp lwv wudglqj sduwqhuv/ dqg hyhq wkdw wkh krph frxqwu|*v wdul rq
lpsruwv iurp iruhljq frxqwu|  lv qrw erxqg e| wkh lqlwldo djuhhphqw zkhq lw
qhjrwldwhv zlwk iruhljq frxqwu| 1 Qrw vxusulvlqjo|/ lq wklv shuplvvlyh vhwwlqj/
zh revhuyh wkdw wkh zhoiduh ri wkh qrq0sduwlflsdwlqj iruhljq jryhuqphqw lv srruo|
surwhfwhg1 Lqghhg/ xqghu wkhvh edvlf uxohv/ qr lqlwldo h!flhqw djuhhphqw lv vwdeoh1
Zh qh{w vwuhqjwkhq wkh uxohv ri qhjrwldwlrq dqg lpsrvh wkdw d wdul frqfhvvlrq
pdgh lq wkh lqlwldo djuhhphqw lv erxqg dqg fdqqrw eh uhyhuvhg lq d vxevhtxhqw
elodwhudo qhjrwldwlrq/ xqohvv wkh wudglqj sduwqhu rq zkrvh h{sruwv wkh erxqg wdul
dssolhv lv uhsuhvhqwhg1 Zh qrwh wkdw elqglqjv pd| eh hlwkhu vwulfw +d frpplwphqw
wr d sduwlfxodu wdul ohyho, ru zhdn +d frpplwphqw wr d pd{lpxp wdul ohyho,/
zkhuh wkh odwwhu lv wkh lqwhusuhwdwlrq ri elqglqjv dgrswhg lq JDWW1 Exw ghvslwh
wklv dgglwlrqdo uhvwulfwlrq/ zh frqup wkdw d ixqgdphqwdo sureohp ri elodwhudo
7rssruwxqlvp vwloo dffrpsdqlhv dq| h!flhqw vhw ri wdulv= vwduwlqj iurp dq| lqlwldo
vhw ri h!flhqw wdulv/ wkh krph frxqwu| dqg iruhljq frxqwu|  fdq dozd|v qg d
zd| wr qhjrwldwh ixuwkhu fkdqjhv lq wkhlu wdulv rq hdfk rwkhu*v lpsruwv zklfk
ehqhw wkhp dw wkh h{shqvh ri frxqwu| 1 Wkh nh| srlqw lv wkdw/ e| orzhulqj wkh
wdulv wkdw wkh| dsso| wr rqh dqrwkhu/ wkh jryhuqphqwv ri wkh krph frxqwu| dqg
iruhljq frxqwu|  fdxvh d whupv ri wudgh orvv iru iruhljq frxqwu| 1L qh  h f w /w k h
jryhuqphqwv ri wkh krph frxqwu| dqg iruhljq frxqwu|  f r q y h u ww k l vo r v vl q w rw k h l u
rzq jdlq/ wkhuhe| uhqghulqj xqvwdeoh dq| h!flhqw wdul frpelqdwlrq/ hyhq zkhq
wkh wdul wkdw wkh krph jryhuqphqw dssolhv wr h{sruwv iurp iruhljq frxqwu|  lv
erxqg +vwulfwo| ru zhdno|,1
Kdylqj ghprqvwudwhg wkdw wkh elodwhudo rssruwxqlvp sureohp lv qrw uhvroyhg
e| d elqglqjv uhvwulfwlrq dorqh/ zh qh{w frqvlghu ixuwkhu uhvwulfwlrqv rq wkh uxohv
ri qhjrwldwlrq1 Zh uvw frqvlghu d uhflsurfdo pdunhw dffhvv uxoh1 Wklv uxoh/
zklfk lv forvho| uhodwhg wr wkh Nhps0Zdq uxoh +Nhps dqg Zdq/ 4<:9, wkdw kdv
ehhq ghyhorshg iru suhihuhqwldo wudglqj djuhhphqwv/ uhtxluhv wkdw elodwhudo qhjr0
wldwlrqv ehwzhhq wkh krph jryhuqphqw dqg wkh jryhuqphqw ri iruhljq frxqwu| 
qrw xsvhw wkh pdunhw dffhvv uhodwlrqv +l1h1/ elodwhudo wudgh yroxphv, ehwzhhq wkh
krph frxqwu| dqg iruhljq frxqwu| 1 Zkdwhyhu wkh sduwlfxodu uhsuhvhqwdwlrq ri
wkh zhoiduh ri wkh jryhuqphqw ri iruhljq frxqwu| / zh qg wkdw elodwhudo wdul dg0
mxvwphqwv wkdw frqirup wr wklv uxoh suhvhuyh wkh zhoiduh ri wkh qrq0sduwlflsdwlqj
jryhuqphqw1 Wkh uhflsurfdo pdunhw dffhvv uxoh wkhuhiruh gluhfwo| suhfoxghv wkh
srvvlelolw| wkdw d ixwxuh elodwhudo djuhhphqw pd| dssursuldwh zhoiduh iurp d qrq0
sduwlflsdwlqj jryhuqphqw1 Dq lpphgldwh frqvhtxhqfh lv wkdw hyhu| lqlwldo h!flhqw
wdul yhfwru lv vwdeoh zkhq dq| ixwxuh elodwhudo qhjrwldwlrq pxvw frqirup wr wklv
uxoh/ dqg khqfh wkh uhflsurfdo pdunhw dffhvv uxoh vroyhv wkh elodwhudo rssru0
wxqlvp sureohp1
Zkloh wkh uhflsurfdo pdunhw dffhvv uxoh kdv wklv ghvludeoh surshuw|/ zh qrwh
wkdw wklv uxoh dovr kdv vrph sudfwlfdo olplwdwlrqv1 Sulpdu| dprqj wkhp lv wkdw wklv
uxoh lpsodqwv d pxowlodwhudo hohphqw lqwr d elodwhudo qhjrwldwlrq1 Iru lqvwdqfh/ li
wkh jryhuqphqwv ri wkh krph frxqwu| dqg iruhljq frxqwu|  irup d elodwhudo djuhh0
phqw lq zklfk wkh| orzhu wkh wdulv wkdw wkh| dsso| wr rqh dqrwkhu*v h{sruwv/
wkhq wkh uhflsurfdo pdunhw dffhvv uxoh uhtxluhv dv zhoo wkdw wkh jryhuqphqw ri
wkh krph frxqwu| dssursuldwho| orzhuv wkh wdul wkdw dssolhv wr h{sruwv iurp wkh
qrq0sduwlflsdwlqj iruhljq frxqwu| 1 Lghdoo|/ rqh zrxog suhihu d vhw ri uxohv iru
elodwhudo qhjrwldwlrqv wkdw gr qrw uhtxluh vxewoh dgmxvwphqwv lq wkh wdulv wkdw
dsso| wr qrq0sduwlflsdqwv1 Lqghhg/ JDWW grhv qrw frqwdlq dq h{solflw uhflsurfdo
pdunhw dffhvv uxoh1 Lw pljkw eh dujxhg wkdw Duwlfoh [[LLL vhuyhv dv dq lpsolflw
8uhflsurfdo pdunhw dffhvv uxoh/ dv lw shuplwv d jryhuqphqw wr oh d qrq0ylrodwlrq
frpsodlqw li lw eholhyhv wkdw lwv pdunhw dffhvv kdv ehhq frpsurplvhg e| wkh +odz0
ixo, qhjrwldwlrqv ri rwkhuv/ exw wklv dssurdfk lv olnho| wr suryh fxpehuvrph dv d
jhqhudo vroxwlrq wr wkh sureohp ri elodwhudo rssruwxqlvp1 Zlwk vxfk frqvlghud0
w l r q vl qp l q g /z hw k h u h i r u hw x u qw rw k hu x o h vw k d wd u hd f w x d o o |l p s r v h gl qJ D W W
dqg lqyhvwljdwh zkhwkhu wkh| pljkw eh lqwhusuhwhg dv rhulqj d pruh sudfwlfdo
vroxwlrq wr wkh elodwhudo rssruwxqlvp sureohp1 Wzr ri JDWW*v fhqwudo uxohv duh
qrq0glvfulplqdwlrq dqg uhflsurflw|1 Wkh iruphu uhihuv wr wkh uhtxluhphqw wkdw doo
wdulv frqirup wr wkh PIQ sulqflsoh1 Wkh odwwhu uhihuv wr wkh frqyhqwlrq wkdw
qhjrwldwlrqv uhvxow lq wdul dgmxvwphqwv wkdw jhqhudwh htxdo fkdqjhv lq lpsruw
dqg h{sruw yroxphv dfurvv qhjrwldwlqj sduwqhuv1 Zh duh lqwhuhvwhg lq wkh h{0
whqw wr zklfk wkhvh hvvhqwldo hohphqwv ri JDWW odz dqg sudfwlfh pd| olplw wkh
delolw| ri qhjrwldwlqj jryhuqphqwv wr dssursuldwh zhoiduh iurp qrq0sduwlflsdwlqj
jryhuqphqwv1
Zh uvw frqvlghu wkh PIQ uxoh1 Wklv uxoh fkdqjhv wkh wdul0vhwwlqj hqylurq0
phqw lq d gluhfw zd|= rzlqj wr wkh frpprq wuhdwphqw ri iruhljq wudglqj sduwqhuv
wkdw wkh PIQ uxoh uhtxluhv/ h!flhqw rxwfrphv wkdw zrxog uhtxluh glvfulplqdwru|
wdulv duh qr orqjhu ihdvleoh1 Wklv lv d srwhqwldo frvw ri PIQ/ zklfk pxvw eh
zhljkhg djdlqvw dq| srwhqwldo vwdelolw| ehqhwv1 Krzhyhu/ ghvslwh wkh uhtxlvlwh
frpprq wuhdwphqw ri iruhljq wudglqj sduwqhuv/ zh qg wkdw wkh srwhqwldo vwdelolw|
ehqhwv ri wkh PIQ uxoh duh olplwhg1 Iru h{dpsoh/ lq wkh devhqfh ri elqglqjv/
zh qg wkdw hyhu| PIQ0h!flhqw wdul yhfwru vdyh rqh +fruuhvsrqglqj wr pxowl0
odwhudo iuhh wudgh zkhq jryhuqphqwv pd{lpl}h qdwlrqdo lqfrph, lv xqvwdeoh1 Wkh
dgglwlrq ri elqglqjv uhvwulfwlrqv hqkdqfhv wkh vwdelol}lqj surshuwlhv ri PIQ/ exw
hyhq zlwk elqglqjv d udqjh ri PIQ0h!flhqw wdul yhfwruv frqwlqxh wr eh xqvwdeoh
xqghu wkh PIQ uxoh1 Khqfh/ wkh PIQ uhtxluhphqw sduwldoo| uhvroyhv wkh elodwhudo
rssruwxqlvp sureohp/ exw lw dorqh fdqqrw vroyh wklv sureohp frpsohwho|1
Zh wkhq lqwurgxfh d ixuwkhu uhvwulfwlrq rq elodwhudo qhjrwldwlrqv/ dqg vxssrvh
wkdw wkh lqlwldo wdul yhfwru frqirupv wr wkh PIQ uhtxluhphqw dqg wkdw dq| ixwxuh
elodwhudo qhjrwldwlrq pxvw vdwlvi| erwk wkh PIQ uxoh dqg wkh uxoh ri uhflsurflw|1
Rxu fhqwudo qglqj lv wkdw/ wrjhwkhu/ wkhvh wzr uxohv hhfwlyho| plplf wkh uhfls0
urfdo pdunhw dffhvv uxoh/ vhuylqj wr vwdelol}h hyhu| PIQ0h!flhqw wdul yhfwru1 Lq
hvvhqfh/ zkloh wkh hpskdvlv wkdw jryhuqphqwv sodfh rq uhflsurflw| lv riwhq fulwl0
fl}hg dv uh hfwlqj xqvrxqg phufdqwlolvw uhdvrqlqj/ zh ghprqvwudwh wkdw lq wkh
suhvhqfh ri PIQ wkh uxoh ri uhflsurflw| lv wudqviruphg lqwr wkh uhflsurfdo pdunhw
dffhvv uxoh/ dqg wkxv kdv wkh ghvludeoh e|0surgxfw ri pdlqwdlqlqj wkh zhoiduh ri
dq| xquhsuhvhqwhg jryhuqphqw1 Lq wklv zd|/ JDWW*v uxohv ri PIQ dqg uhflsurflw|
9fdq eh xqghuvwrrg wr surylgh d vroxwlrq wr wkh sureohp ri elodwhudo rssruwxqlvp1
Li JDWW*v uxohv vroyh wkh elodwhudo rssruwxqlvp sureohp/ wkhq zkdw duh zh wr
pdnh ri qrq0ylrodwlrq qxoolfdwlrq0dqg0lpsdluphqw frpsodlqwv djdlqvw frxqwulhv
zkr kdyh xqghuwdnhq elodwhudo qhjrwldwlrqv zlwk rwkhu sduwqhuvB Diwhu doo/ xqghu
vxfk frpsodlqwv wkhuh lv qr doohjdwlrq wkdw dq| ri JDWW*v uxohv kdyh ehhq eurnhq1
Zh pdnh wzr revhuydwlrqv zklfk khos wr sodfh rxu uhvxowv lq frqwh{w1 Iluvw/ zkloh
zh prgho PIQ dqg uhflsurflw| dv irupdo dqg uljlg uxohv/ wkhlu dssolfdwlrq lq
JDWW sudfwlfh lv pruh txdolhg1 Iru h{dpsoh/ JDWW Duwlfoh [[LY hperglhv dq
lpsruwdqw h{fhswlrq wr wkh PIQ uxoh/ dv wklv duwlfoh vwlsxodwhv frqglwlrqv xqghu
zklfk wkh irupdwlrq ri glvfulplqdwru| suhihuhqwldo djuhhphqwv lv shuplwwhg1 Olnh0
zlvh/ wkh dssolfdwlrq ri uhflsurflw| lq JDWW kdv hohphqwv ri erwk irupdo uxohv dqg
lqirupdo qrupv1 D vhfrqg revhuydwlrq lq wklv uhjdug lv wkdw qhz frpsolfdwlrqv
dulvh zkhq pdq| jrrgv duh frqvlghuhg1 Lq wkh shqxowlpdwh vhfwlrq ri wkh sdshu/
zh vkrz wkdw PIQ dqg uhflsurflw| frqwlqxh wr vroyh wkh whupv0ri0wudgh gulyhq el0
odwhudo rssruwxqlvp sureohp/ exw dq dgglwlrqdo sureohp ri elodwhudo rssruwxqlvp
+dvvrfldwhg zlwk orfdo sulfh pryhphqwv, pd| vwloo dulvh xqghu wkhvh uxohv lq olplwhg
flufxpvwdqfhv1
Zlwk wkhvh revhuydwlrqv lq plqg/ zh lqwhusuhw rxu uhvxowv dv ghvfulelqj wkh
eurdg uroh wkdw PIQ dqg uhflsurflw| pd| sod| lq olplwlqj wkh vfrsh iru elodw0
hudo rssruwxqlvp1 Rxu qglqjv dovr lghqwli| lpsruwdqw h{fhswlrqv wr wkhvh uxohv
+h1j1/ suhihuhqwldo djuhhphqwv, xqghu zklfk rssruwxqlvp pd| eh d khljkwhqhg
frqfhuq1 Pruh jhqhudoo|/ zh frqfoxgh iurp wkhvh revhuydwlrqv wkdw wkh uxohv ri
PIQ dqg uhflsurflw| pd| eh xqghuvwrrg lq JDWW sudfwlfh dv surylglqj d uvw
olqh ri ghihqvh djdlqvw wkh sureohp ri elodwhudo rssruwxqlvp/ wkhuhe| uhgxflqj
wkh qxpehu ri ydolg qrq0ylrodwlrq frpsodlqwv dqg hdvlqj wkh mxglfldo exughq ri
wkh JDWW glvsxwh vhwwohphqw surfhgxuhv/ dqg wkdw wkh delolw| ri jryhuqphqwv wr
eulqj qrq0ylrodwlrq frpsodlqwv fdq vhuyh dq lpsruwdqw uroh dv d vhfrqg olqh ri
ghihqvh djdlqvw wklv sureohp1
Wklv sdshu lv uhodwhg wr d jurzlqj olwhudwxuh frqfhuqhg zlwk lqwhusuhwlqj wkh
lqvwlwxwlrqdo ihdwxuhv ri JDWW16 Sdshuv e| Fdsolq dqg Nulvkqd +4<;;,/ Oxghpd
+4<<4,/ dqg PfFdopdq +4<<:, irfxv rq hydoxdwlqj wkh surshuwlhv ri wdul qhjrwld0
wlrqv xqghu PIQ/ exw wkh| gr qrw frqvlghu wkh elodwhudo rssruwxqlvp sureohp wkdw
lv rxu irfxv khuh/ qru gr wkh| h{soruh wkh hhfwv ri uhflsurflw| +vhh Vwdljhu/ 4<<8/
6Rxu sdshu lv dovr uhodwhg wr uhfhqw zrun lq frqwudfw wkhru| zkhuh rqh sod|hu qhjrwldwhv
frqwudfwv zlwk hdfk ri vhyhudo rwkhu sod|huv/ dqg wkh ￿qdo dfwlrqv e| wkhvh rwkhu sod|huv lpsrvh
h{whuqdolwlhv xsrq rqh dqrwkhu +vhh PfDihh dqg Vfkzduw}/ 4<<7/ iru dq hduo| dssolfdwlrq lq
zklfk d pdqxidfwxuhu qhjrwldwhv zlwk wzr uhwdlohuv,1
:iru d uhylhz ri wklv olwhudwxuh,1 Rxu hduolhu sdshu +Edjzhoo dqg Vwdljhu/ iruwk0
frplqj, wdnhv dv lwv irfxv JDWW*v uxohv ri uhflsurflw| dqg qrq0glvfulplqdwlrq/
exw hpskdvl}hv rwkhu dssolfdwlrqv ri wkh uhflsurflw| uxoh lq JDWW/ dqg ghyhorsv
wkh uhodwhg exw glvwlqfw ylhz wkdw uhflsurflw| dqg qrq0glvfulplqdwlrq rhu jryhuq0
phqwv d sdwk ri hvfdsh iurp d whupv0ri0wudgh0gulyhq Sulvrqhuv* Glohppd1 Ilqdoo|/
Hwklhu +4<<;, lqghshqghqwo| udlvhv vrph ri wkh lvvxhv zh frqvlghu khuh1
Wkh sdshu surfhhgv dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh prgho lq d glvfulplqd0
wru| wdul0vhwwlqj hqylurqphqw1 Vhfwlrq 6 ghqhv d fulwhulrq zlwk zklfk glhuhqw
qhjrwldwlrq uxohv pljkw eh dvvhvvhg1 Vhfwlrq 7 wkhq fkdudfwhul}hv wkh vhw ri h!0
flhqw wdulv lq glvfulplqdwru| hqylurqphqwv/ lghqwlhv wkh ixqgdphqwdo elodwhudo
rssruwxqlvp sureohp/ dqg hydoxdwhv wkh uhflsurfdo pdunhw dffhvv uxoh dv d srvvl0
eoh vroxwlrq wr wklv sureohp1 Vhfwlrq 8 frqvlghuv dq PIQ hqylurqphqw/ frqupv
wkdw wkh sureohp ri elodwhudo rssruwxqlvp uhpdlqv/ dqg vkrzv wkdw uhflsurflw|
dqg PIQ wrjhwkhu surylgh wkh vroxwlrq1 Dq looxvwudwlyh 50vwdjh qhjrwldwlrq jdph
lv suhvhqwhg lq Vhfwlrq 9 wr pruh ixoo| hydoxdwh wkh lpsolfdwlrqv ri rxu qglqjv iru
edujdlqlqj rxwfrphv1 D pdq|0jrrgv h{whqvlrq ri rxu pdlq uhvxowv lv frqwdlqhg
lq Vhfwlrq :1 Ilqdoo|/ Vhfwlrq ; frqfoxghv1 Rplwwhg surriv duh froohfwhg lq dq
Dsshqgl{ vhfwlrq1
51 Wkh Prgho
Lq wklv vhfwlrq/ zh ghqh d wzr0jrrg jhqhudo0htxloleulxp prgho ri wudgh ehwzhhq
wkuhh frxqwulhv1 Zh ghvfuleh dv zhoo d jhqhudo vhw ri suhihuhqfhv iru jryhuqphqwv
wkdw doorzv iru erwk hfrqrplf dqg srolwlfdo frqvlghudwlrqv1 Wkh prgho dqg suhi0
huhqfhv duh vlplodu wr wkrvh suhvhqwhg lq Edjzhoo dqg Vwdljhu +iruwkfrplqj,1
5141 Wkh Hfrqrplf Hqylurqphqw
Zh dvvxph wkdw wkhuh lv rqh krph frxqwu| dqg wzr iruhljq frxqwulhv zkr wudgh
wzr jrrgv/ % dqg +/ wkdw duh qrupdo jrrgv lq frqvxpswlrq dqg surgxfhg xqghu
frqglwlrqv ri lqfuhdvlqj rssruwxqlw| frvwv1 Surgxfwlrq wdnhv sodfh xqghu shuihfw
frpshwlwlrq/ idflqj wdulv rq lpsruwv e| hdfk frxqwu|1 Wr vlpsoli| wkh h{srvl0
wlrq ri rxu qglqjv/ zh vxssrvh wkdw hdfk iruhljq frxqwu| wudghv rqo| zlwk wkh
krph frxqwu|/ zkr lpsruwv % iurp hdfk ri lwv wzr iruhljq wudglqj sduwqhuv lq
h{fkdqjh iru h{sruwv ri +1 Wkh krph frxqwu| lv wkxv wkh rqo| frxqwu| wkdw kdv
;wkh rssruwxqlw| wr vhw glvfulplqdwru| wdulv dfurvv lwv wudglqj sduwqhuv17
Zh qrz lqwurgxfh sulfh qrwdwlrq1 Wkh krph orfdo uhodwlyh sulfh lv ghqrwhg dv
R  R%*R+/z k h u hR% +R+, lv wkh orfdo sulfh ri jrrg % ++, lq wkh krph frxqwu|1
Vlploduo|/ wkh orfdo uhodwlyh sulfh lq iruhljq frxqwu|  lv ghqrwhg dv RW￿  RW￿
% *RW￿
+
iru  @ 4/51 Wkh dg ydoruhp wdul wkdw wkh krph frxqwu| sodfhv rq lpsruwv ri %
iurp iruhljq frxqwu|  lv ghqrwhg dv |￿/i r u@4 / 5 /d q g|W￿ lv wkh dg ydoruhp wdul
ohylhg e| iruhljq frxqwu|  rq lpsruwv ri + iurp wkh krph frxqwu|18 Wkurxjkrxw/
zh dvvxph wkdw wkhvh wdulv duh qrq0surklelwlyh1 Zh ghqh wkh zruog +l1h1/
xqwd{hg, uhodwlyh sulfh iru wudgh ehwzhhq wkh krph frxqwu| dqg iruhljq frxqwu| 
dv R￿￿  RW￿
% *R+ Ohwwlqj ￿  E n |￿ dqg W￿  E n |W￿/ zh wkhq pd| uhsuhvhqw
o r f d os u l f h vl qw h u p vr iz r u o gs u l f h vd q gw d u l  v =R ' ￿R￿￿  RE￿cR ￿￿ dqg RW￿ '
R￿￿*W￿  RW￿EW￿cR ￿￿ Dv wkhvh h{suhvvlrqv lqglfdwh/ orfdo sulfhv duh ghwhuplqhg/
rqfh wdulv dqg zruog sulfhv duh jlyhq1







Rqh srvvlelolw| lv wkdw wkh wdul srolf| ri wkh krph frxqwu| lv qrq0glvfulplqdwru|
+l1h1/ wkh krph frxqwu| dgrswv PIQ wdulv,1 Lq wklv fdvh/ zh kdyh wkdw ￿ ' 2
dqg khqfh wkhuh lv d vlqjoh zruog sulfh= R￿￿  R￿ iru  @ 4/51 Rq wkh rwkhu kdqg/
li wkh krph frxqwu| glvfulplqdwhv zlwk lwv wdul srolf|/ wkhq ￿ 9' 2 dqg khqfh
wkhuh duh glhuhqw zruog sulfhv= R￿￿ 9' R￿2 Ilqdoo|/ zh qrwh wkdw wkh whupv ri
wudgh iru iruhljq frxqwu|  lv jlyhq vlpso| dv R￿￿
Zh frqvlghu qh{w wkh surgxfwlrq/ frqvxpswlrq/ lpsruw dqg h{sruw yroxphv
lq hdfk frxqwu|1 Zh ehjlq zlwk iruhljq frxqwu| 1 Surgxfwlrq lq wklv frxqwu|
lv ghwhuplqhg e| vhohfwlqj wkh srlqw rq lwv surgxfwlrq srvvlelolwlhv iurqwlhu dw
zklfk wkh pdujlqdo wudqvirupdwlrq ehwzhhq % dqg + lv htxdo wr wkh orfdo uhod0
wlyh sulfh= 'W￿
5 ' 'W￿
5 ERW￿ iru 5 ' %c+1 Frqvxpswlrq lv d ixqfwlrq ri wkh orfdo
uhodwlyh sulfh 0 zklfk ghqhv wkh wudgh0r idfhg e| frqvxphuv dqg ghwhuplqhv
wkh ohyho dqg glvwulexwlrq ri idfwru lqfrph lq wkh hfrqrp| 0 dqg ri wdul uhyhqxh
-W￿/ zklfk lv glvwulexwhg oxps0vxp wr wkh frqvxphuv lq iruhljq frxqwu|  dqg
7Wklv wudglqj sdwwhuq zloo dulvh zkhq wkh krph +hdfk iruhljq, frxqwu| lv d qdwxudo lpsruwhu
ri { +|,/ surylghg wkdw glvfulplqdwru| wdul￿v gr qrw xsvhw wkh qdwxudo sdwwhuq ri wudgh1 Wkh
odwwhu zloo eh dvvxuhg/ iru h{dpsoh/ li wkhuh h{lvw wudqvsruwdwlrq frvwv ehwzhhq iruhljq frxqwulhv
wkdw duh odujh zkhq frpsduhg wr wkh h{whqw wr zklfk krph wdul￿v pd| eh glvfulplqdwru|1 Rxu
dvvxpswlrqv vhuyh rqo| wr hqvxuh wkdw lw lv srvvleoh iru wkh krph frxqwu| wr vhw glvfulplqdwru|
wdul￿v zlwkrxw surklelwlqj wudgh ehwzhhq lw dqg lwv ohvv0idyruhg wudglqj sduwqhu1
8Wkh Ohuqhu v|pphwu| wkhruhp hqvxuhv wkdw wudgh wd{hv ru vxevlglhv fdq eh htxlydohqwo|
ghslfwhg dv dsso|lqj wr h{sruwv ru wr lpsruwv lq wklv wzr0vhfwru jhqhudo0htxloleulxp vhwwlqj1
<zklfk zh phdvxuh lq xqlwv ri wkh h{sruw jrrg + dw orfdo sulfhv1 Zh uhsuhvhqw
frqvxpswlrq dv (W￿
5 ' (W￿
5 ERW￿c- W￿ iru 5 ' %c+1 Wdul uhyhqxh lv ghqhg lpsolf0
lwo| e| -W￿ 'd (W￿
+ ERW￿c- W￿  'W￿
+ ERW￿od*RW￿  *R￿￿o ru -W￿ ' -W￿ERW￿cR ￿￿/d q g
zh qrwh wkdw wdul uhyhqxh lv dq lqfuhdvlqj ixqfwlrq ri iruhljq frxqwu| *v whupv
ri wudgh/ xqghu wkh dvvxpswlrq wkdw jrrgv duh qrupdo1 Qdwlrqdo frqvxpswlrq
iru iruhljq frxqwu|  f d qw k x ve hz u l w w h qd vW￿
5 ERW￿cR ￿￿  (W￿
5 ERW￿c- W￿ERW￿cR ￿￿
iru 5 ' %c+ Ilqdoo|/ iru iruhljq frxqwu| / lpsruwv ri jrrg + duh uhsuhvhqwhg
dv W￿
+ ERW￿cR ￿￿  W￿
+ ERW￿cR ￿￿  'W￿
+ ERW￿ /d q gh { s r u w vr ij r r g% duh jlyhq dv
.W￿
% ERW￿cR ￿￿  'W￿
% ERW￿  W￿
% ERW￿cR ￿￿ Lq wklv zd|/ iru hdfk iruhljq frxqwu|/ wkh
surgxfwlrq/ frqvxpswlrq/ lpsruw dqg h{sruw txdqwlwlhv duh ghwhuplqhg/ rqfh wdu0
l  vd q gz r u o gs u l f h v+ d q gw k x vi r u h l j qo r f d os u l f h v ,d u hj l y h q 1
Zh wxuq qrz wr wkh fruuhvsrqglqj yroxphv lq wkh krph frxqwu|1 Wkh krph
frxqwu| kdv pxowlsoh wudglqj sduwqhuv/ zlwk zkrp lw pd| h{shulhqfh glhuhqw
whupv ri wudgh/ dqg wklv frpsolfdwhv vrphzkdw wkh h{suhvvlrq ri grphvwlf txdqwl0
wlhv1 Wklv frpsolfdwlrq grhv qrw dhfw wkh ghwhuplqdwlrq ri grphvwlf surgxfwlrq/
zklfk lv irxqg dw wkh srlqw rq wkh grphvwlf surgxfwlrq srvvlelolwlhv iurqwlhu zkhuh
wkh pdujlqdo wudqvirupdwlrq ehwzhhq % dqg + lv htxdo wr wkh orfdo uhodwlyh sulfh=
'5 ' '5ER iru 5 ' %c+1 Dqg grphvwlf frqvxpswlrq ri hdfk jrrg lv olnhzlvh
ghwhuplqhg dv d ixqfwlrq ri wkh orfdo uhodwlyh sulfh dqg grphvwlf wdul uhyhqxh=
(5ERc- iru 5 ' %c+/ zkhuh wdul uhyhqxh lv glvwulexwhg oxps0vxp wr grphvwlf
frqvxphuv dqg phdvxuhg lq xqlwv ri wkh h{sruw jrrg % lq orfdo sulfhv1 Exw/ lq oljkw
ri wkh srvvlelolw| ri glvfulplqdwru| wdulv/ grphvwlf wdul uhyhqxh ghshqgv xsrq
erwk wkh wrwdo yroxph ri % lpsruwhg e| wkh grphvwlf frxqwu| dqg wkh frpsrvlwlrq
ri wklv jlyhq yroxph dfurvv wkh iruhljq wudglqj sduwqhuv1




















Zh wkhq ghqh wkh grphvwlf frxqwu|*v pxowlodwhudo whupv ri wudgh e| wkh wudgh0
















Zlwk wklv ghqlwlrq/ grphvwlf wdul uhyhqxh fdq eh uhsuhvhqwhg lpsolflwo| dv
9Revhuyh wkdw W lv lq idfw d phdvxuh ri wkh uhflsurfdo ri grphvwlf whupv ri wudgh= dq lp0












ru - ' -ERcA1
Zh qrz pd| uhsuhvhqw wkh grphvwlf frxqwu|*v frqvxpswlrq dv 5ERcA 
(5ERc-ERcA iru 5 ' %c+ Krph frxqwu| lpsruwv ri % wkxv pd| eh ghqrwhg dv
%ERcA  %ERcA'%ERc zkloh krph frxqwu| h{sruwv ri + pd| eh uhsuhvhqwhg
dv .+ERcA  '+ER  +ERcA Lq zkdw iroorzv/ zh zloo uhihu wr A vlpso| dv wkh
krph frxqwu|*v whupv ri wudgh1 Qrwlfh iurp +514, wkdw/ li wkh krph frxqwu| dgrswv
dq PIQ wdul srolf|/ wkhq A ' R￿￿  R￿ Krzhyhu/ d glvfulplqdwru| wdul srolf|
lpsolhv wkdw A 9' R￿￿ iru doo 1 Revhuyh wkdw grphvwlf surgxfwlrq/ frqvxpswlrq/
lpsruw dqg h{sruw yroxphv duh doo lpsolhg/ rqfh wkh zruog sulfhv dqg wdulv +dqg
wkxv wkh orfdo sulfhv dqg whupv ri wudgh, duh jlyhq1
Ilqdoo|/ zh frqvlghu wkh wudgh edodqfh dqg pdunhw0fohdulqj frqglwlrqv1 Krph


























Zh qrz vxssrvh wkdw grphvwlf dqg iruhljq wdulv/ ~￿c2d q g~ W￿cW2u h 0
vshfwlyho|/ duh jlyhq/ dqg frqvlghu wkh ghwhuplqdwlrq ri wkh zruog sulfhv1 Rqh













Frpelqlqj wkh pdunhw0fohdulqj uhtxluhphqw +517, zlwk wkh olqndjh frqglwlrq +514,/
zh wkxv kdyh wzr uhvwulfwlrqv zlwk zklfk wr ghwhuplqh wkh wzr htxloleulxp zruog
sulfhv dv ixqfwlrqv ri wkh jlyhq wdulv1 Zh uhsuhvhqw wkh htxloleulxp zruog sulfhv
dv h R￿￿E￿c2cW￿cW2 iru @4/51 Qrwlfh wkdw pdunhw fohdulqj lq wkh + pdunhw lv
dvvxuhg e| +515, dqg +516,1 Vxppdul}lqj/ zlwk wkhlu vhohfwlrqv ri wdulv/ jry0
huqphqwv ghwhuplqh wkh htxloleulxp zruog sulfhv/ dqg wklv lq wxuq lpsolhv wkh
htxloleulxp ydoxhv iru doo orfdo sulfhv dqg txdqwlwlhv1
445151 Sulfhv dqg Wdulv
Rxu qh{w vwhs lv wr lpsrvh vrph vwuxfwxuh rq wkh pdqqhu lq zklfk wdulv dhfw
sulfhv1 Zh frqvlghu erwk wkh srvvlelolw| wkdw wkh krph frxqwu| lv deoh wr vhw
glvfulplqdwru| wdulv dqg wkh srvvlelolw| wkdw krph wdulv pxvw frqirup wr wkh
PIQ sulqflsoh1 Zh qrz lpsrvh vrph edvlf dvvxpswlrqv/ zklfk duh pdlqwdlqhg
lq wkh lqwhusuhwdwlrq ri wkh dqdo|vlv wkdw iroorzv lq vxevhtxhqw vhfwlrqv1
Ehjlqqlqj zlwk wkh glvfulplqdwru| fdvh/ zh lpsrvh wkh iroorzlqj dvvxpswlrqv=
+l,1 h R￿￿E￿c2cW￿cW2 lv lqfuhdvlqj lq 2cW￿ dqg W2 d q gl vg h f u h d v l q jl q￿c
dqg +ll,1 h R￿2E￿c2cW￿cW2 lv lqfuhdvlqj lq ￿cW￿ dqg W2 d q gl vg h f u h d v l q j
lq 2 Wkxv/ li iruhljq frxqwu|  frqiurqwv d kljkhu wdul rq lwv h{sruwv/ wkhq
lw h{shulhqfhv d uhgxfwlrq lq lwv whupv ri wudgh1 Rq wkh rwkhu kdqg/ li iruhljq
frxqwu|  udlvhv lwv rzq wdul/ ru li wkh rwkhu frxqwulhv udlvh wdulv rq rqh dqrwkhu/
wkhq iruhljq frxqwu|  h{shulhqfhv dq lpsuryhphqw lq lwv whupv ri wudgh1 Wkhvh
uhvwulfwlrqv gluhfw dwwhqwlrq wr wkh vwdqgdug fdvh/ hqvxulqj wkdw rxu prgho grhv
qrw vxffxpe wr wkh Ohuqhu sdudgr{1
Qh{w/ zh frqvlghu wkh fdvh lq zklfk wkh krph frxqwu| vhohfwv dprqj PIQ
wdulv=   ￿ ' 21 Lq wklv hyhqw/ zh pd| uhsuhvhqw wkh htxloleulxp zruog sulfh
dv h R￿EcW￿cW21 Rxu dvvxpswlrq iru wklv fdvh lv= h R￿EcW￿cW2 lv lqfuhdvlqj lq
W￿ dqg W2 d q gl vg h f u h d v l q jl q1 Dv deryh/ zkhq iruhljq frxqwu|  udlvhv lwv
rzq lpsruw wdul/ ru zkhq iruhljq frxqwu|  sxuvxhv d pruh surwhfwlrqlvw srolf|/
iruhljq frxqwu|  h{shulhqfhv d whupv ri wudgh lpsuryhphqw1 Zh dvvxph ixuwkhu
wkdw dq lqfuhdvh lq wkh krph +PIQ, wdul uhvxowv lq d ghwhulrudwlrq ri wkh whupv
ri wudgh iru iruhljq frxqwu| 1 Wklv dprxqwv wr dq dvvxpswlrq wkdw wkh gluhfw
hhfw ri d kljkhu krph wdul rq iruhljq frxqwu| *v h{sruwv rxwzhljkv wkh lqgluhfw
hhfw ri wkh kljkhu krph wdul rq iruhljq frxqwu| *v h{sruwv1
5161 Jryhuqphqw Suhihuhqfhv
Zh qh{w rhu d jhqhudo uhsuhvhqwdwlrq ri jryhuqphqw suhihuhqfhv1 Zh htxls jry0
huqphqw ghflvlrq0pdnhuv zlwk suhihuhqfhv wkdw doorz iru d zlgh udqjh ri hfrqrplf
dqg srolwlfdo prwlydwlrqv1 Lq sduwlfxodu/ zh uhsuhvhqw wkh remhfwlyhv ri wkh krph
dqg iruhljq jryhuqphqwv e| wkh jhqhudo ixqfwlrqv `ERcA dqg `W￿ERW￿c h R￿￿ iru 
@ 4/5/ zkhuh doo sulfhv dqg whupv ri wudgh duh hydoxdwhg dw wkhlu pdunhw0fohdulqj
ohyhov1 Wkh dvvxpswlrq wkdw zh lpsrvh lv wkdw/ zlwk orfdo sulfhv khog {hg/ hdfk
jryhuqphqw vwulfwo| suhihuv dq lpsuryhphqw lq lwv whupv ri wudgh= `AERcA 	 f
dqg `W￿
R￿￿ERW￿c h R￿￿ : f1
Wr xqghuvwdqg wklv dvvxpswlrq/ lw lv xvhixo wr uhihu wr Iljxuh 41 Wkhuh/ zh
45ghslfw frpelqdwlrqv ri ￿ dqg W￿ wkdw suhvhuyh wkh uhodwlyh orfdo sulfh lq iruhljq
frxqwu|  dqg wkh zruog sulfh ehwzhhq lw dqg wkh krph frxqwu|1 Jlyhq wkh uh0
odwlrqvklsv ehwzhhq sulfhv dqg wdulv ghwdlohg deryh/ wkh lvr0zruog0sulfh orfxv lv
srvlwlyho| vorshg1 Iru wkh sxusrvh ri wklv looxvwudwlrq/ zh vxssrvh ixuwkhu wkdw
dq lqfuhdvh lq W￿ uhvxowv lq d ghfuhdvh lq wkh orfdo uhodwlyh sulfh lq wklv frxqwu|1:
Qrz/ ohw xv vxssrvh wkdw zh ehjlq dw srlqw D1 Li wkh krph frxqwu| zhuh wr udlvh
￿ dw wkh vdph wlph wkdw iruhljq frxqwu|  zhuh wr orzhu W￿/z l w kw k hu h v s h f w l y h
wdul fkdqjhv xqghuwdnhq lq d idvklrq wkdw suhvhuyhg RW￿/ wkhq zh zrxog duulyh dw
srlqw E1 Qrwlfh wkdw wkh zruog sulfh h R￿￿ lv orzhu dw srlqw E/ dqg vr rxu dvvxpswlrq
wkdw `W￿
R￿￿ERW￿c h R￿￿ : f vlpso| phdqv wkdw wkh lpsolhg lqfrph uhglvwulexwlrq iurp
iruhljq frxqwu|  wr wkh krph frxqwu| +dvvrfldwhg zlwk wkh pryhphqw iurp D wr
E, uhvxowv lq d orvv ri zhoiduh iru wkh jryhuqphqw ri iruhljq frxqwu| 1
Zh hpskdvl}h wkdw wklv uhsuhvhqwdwlrq ri jryhuqphqw suhihuhqfhv lv yhu| jhq0
hudo1 Lw lqfoxghv wkh vwdqgdug srvvlelolw| wkdw jryhuqphqwv pd{lpl}h qdwlrqdo lq0
frph dv zhoo dv wkh srvvlelolw| wkdw jryhuqphqwv duh prwlydwhg e| glvwulexwlrqdo
frqfhuqv1 Dv zh ghwdlo lq rxu hduolhu sdshu +Edjzhoo dqg Vwdljhu/ iruwkfrplqj,/
wkh ohdglqj srolwlfdo0hfrqrp| prghov ri wudgh srolf| fdq doo eh fdswxuhg zlwklq
wklv irupxodwlrq1;
61 Qhjrwldwlrq Uxohv dqg Vwdeoh Wudgh Djuhhphqwv
Zlwk wkh edvlf hfrqrplf prgho qrz ghvfulehg/ zh duh suhsduhg wr hydoxdwh glhu0
hqw uxohv xqghu zklfk wudgh djuhhphqwv pd| eh qhjrwldwhg1 Lq wkh suhvhqw vhfwlrq/
rxu jrdo lv wr sxw iruwk d fulwhulrq zlwk zklfk glhuhqw qhjrwldwlrq uxohv pljkw
eh dvvhvvhg1 Xvlqj wklv fulwhulrq/ zh hydoxdwh d ydulhw| ri qhjrwldwlrq uxohv lq
vxevhtxhqw vhfwlrqv1
Lq rxu hduolhu zrun +Edjzhoo dqg Vwdljhu/ iruwkfrplqj,/ zh h{soruhg krz
JDWW*v uxohv pd| khos wr surwhfw zhdn jryhuqphqwv iurp h{sorlwdwlrq lq qhjr0
wldwlrqv zlwk wkhlu vwurqjhu wudglqj sduwqhuv/ wkhuhe| vroylqj d krog0xs sureohp
wkdw frxog rwkhuzlvh glplqlvk wkh sduwlflsdwlrq ri zhdnhu jryhuqphqwv lq JDWW1
:Lq rwkhu zrugv/ orfdo uhodwlyh sulfhv gr qrw vxffxpe wr wkh Phw}ohu sdudgr{1
;Dv Edogzlq +4<;:, qrwhv/ wkh srolwlfdo0hfrqrp| prghov ri wudgh srolf| sursrvhg e| Ro0
vrq +4<98,/ Fdyhv +4<:9,/ Eurfn dqg Pdjhh +4<:;,/ Ilqgod| dqg Zhoolv} +4<;5,/ Ihhqvwud dqg
Ekdjzdwl +4<;5, dqg Kloopdq +4<;5, doo ￿w zlwklq wklv dssurdfk1 Olnhzlvh/ Pd|hu*v +4<;7,
phgldq0yrwhu prgho/ wkh oree|lqj prghov ri Jurvvpdq dqg Khospdq +4<<7/ 4<<8, dqg Gl{lw/
Jurvvpdq dqg Khospdq +4<<:,/ dqg Edogzlq*v +4<;8, srolwlfdo0frqvwudlqw prgho fdq doo eh uhs0
uhvhqwhg zlwk jryhuqphqw suhihuhqfhv ri wklv irup1
46Khuh/ zh dvn zkhwkhu JDWW*v uxohv dovr vhuyh wr surwhfw jryhuqphqwv iurp h{0
sorlwdwlrq lq ixwxuh qhjrwldwlrqv wr zklfk wkh| duh qrw sduw|1 Lq sduwlfxodu/ zh
duh lqwhuhvwhg lq zkhwkhu wkh uxohv ri qhjrwldwlrq surwhfw wkh ydoxh ri wkh frq0
fhvvlrqv vhfxuhg e| rqh jryhuqphqw dv sduw ri dq lqlwldo pxowlodwhudo djuhhphqw/
zkhq rwkhu jryhuqphqwv pd| odwhu hqwhu lqwr ixuwkhu elodwhudo qhjrwldwlrqv1<
Dv phqwlrqhg lq wkh Lqwurgxfwlrq/ wkh h{whqw wr zklfk wkh uxohv ri qhjrwldwlrq
surwhfw wkurxjk wlph wkh ydoxh ri frqfhvvlrqv lv ri fhqwudo lpsruwdqfh iru wkh ixqf0
wlrqlqj ri wkh JDWW v|vwhp1 Lqghhg/ li wkh uxohv ri qhjrwldwlrq zhuh lqdghtxdwh
lq wklv uhjdug/ wkhq iruzdug0orrnlqj jryhuqphqwv zrxog dssurdfk dq lqlwldo pxo0
wlodwhudo qhjrwldwlrq zlwk fdxwlrq/ zlwk wkh olnho| frqvhtxhqfh wkdw rqo| prghvw
frqfhvvlrqv zrxog eh h{fkdqjhg1 Ri frxuvh/ d frpsohwh dqdo|vlv ri wklv srvvlelolw|
uhtxluhv d g|qdplf prgho/ lq zklfk wkh vshflf vwuxfwxuh ri qhjrwldwlrqv dqg wkh
sdwlhqfh +dqg suredeoh whqxuh, ri jryhuqphqwv duh ghwdlohg1 Lq d odwhu vhfwlrq ri
wkh sdshu/ zh ghyhors d vlpsoh g|qdplf prgho ri qhjrwldwlrqv dorqj wkhvh olqhv1
Iru qrz/ krzhyhu/ zh wdnh wkh lqlwldo pxowlodwhudo djuhhphqw dv jlyhq1 Rxu sxu0
srvh lv wr dvvhvv wkh vwdelolw| ri wklv pxowlodwhudo djuhhphqw wr wkh srvvlelolw| ri
ixwxuh elodwhudo wudgh djuhhphqwv ehwzhhq wkh krph frxqwu| dqg hlwkhu ri lwv wzr
wudglqj sduwqhuv/ zkhq wkh qdwxuh ri wkh ixwxuh elodwhudo djuhhphqw lv frqvwudlqhg
e| uxohv ri qhjrwldwlrq1 Lq wkh uhpdlqghu ri wklv vhfwlrq/ zh suhsduh iru wklv dqdo0
|vlv/ e| rhulqj irupdo ghqlwlrqv iru d qhjrwldwlrq uxoh dqg d vwdeoh wudgh
djuhhphqw1
D qhjrwldwlrq uxoh - lv ghqhg e| d wulsohw i-co ￿co 2j/z k h u h- ? e lv
wkh vhw ri h{rjhqrxv lqlwldo wdul yhfwruv/ E￿c2cW￿cW2/ wkdw lv ihdvleoh xqghu
wkh uxoh - dqg o￿ G - $ 7E- lv d pdsslqj iurp hdfk yhfwru ri lqlwldo wdulv
wr wkh vhw ri doo vxevhwv ri -/ zklfk zh ghqrwh dv 7E-1 Z hq r w hw k d ww k h
uxohv ri qhjrwldwlrq rshudwh dw wzr ohyhov1 Iluvw/ wkh uxohv pd| uhvwulfw wkh lqlwldo
wdulv wkdw duh frqvlghuhg1 Iru h{dpsoh/ xqghu wkh PIQ uxoh/ wkh lqlwldo wdulv
pxvw vdwlvi| ￿ ' 2c dqg zh pd| fdswxuh wklv zlwk wkh uhtxluhphqw wkdw - 
iE￿c2cW￿cW2 m ￿ ' 2j1 Vhfrqg/ wkh uxohv ri qhjrwldwlrq pd| uhvwulfw wkh
pdqqhu lq zklfk wkh krph jryhuqphqw dqg iruhljq jryhuqphqw  pd| fkdqjh wkh





sduw ri wkhlu elodwhudo qhjrwldwlrq1 Wkhvh uhvwulfwlrqv duh fdswxuhg e| wkh pdsslqj
o￿1 Qrwlfh wkdw o￿ pdsv lqwr vxevhwv ri -> wkxv/ li/ iru h{dpsoh/ wkh lqlwldo wdulv
duh uhvwulfwhg yld - wr vdwlvi| wkh PIQ uxoh/ wkhq wkh qhz wdul yhfwru pxvw dovr
<Lq sudfwlfh/ elodwhudo wudgh qhjrwldwlrqv duh surplqhqw erwk zlwklq r!fldo pxowlodwhudo qh0
jrwldwlrq ￿urxqgv￿ dqg rxwvlgh ri vxfk urxqgv1 Lq hlwkhu fdvh/ wkh qhjrwldwlrqv pxvw frqirup
wr JDWW2ZWR uxohv ri qhjrwldwlrq +vhh Mdfnvrq/ 4<9</ ss1 54:0 57;,1
47vdwlvi| wklv uxoh1
Zh sodfh uhvwulfwlrqv rq elodwhudo qhjrwldwlrqv lq wzr vwhsv1 Iluvw/ zh lpsrvh
vrph edvlf uhvwulfwlrqv rq wkh pdsslqj o￿ wkdw vlpso| fdswxuh wkh phdqlqj ri d
elodwhudo qhjrwldwlrq1 Wkhvh uhvwulfwlrqv duh pdlqwdlqhg wkurxjkrxw wkh dqdo|vlv
wkdw iroorzv1 Qh{w/ lq vxevhtxhqw vhfwlrqv/ zh uhihu wr sduwlfxodu qhjrwldwlrq uxohv
wkdw duh surplqhqw lq JDWW sudfwlfh dqg glvfxvvlrq1 Wkhvh uxohv fruuhvsrqg wr
ixuwkhu uhvwulfwlrqv wkdw pd| eh lpsrvhg rq elodwhudo qhjrwldwlrqv1
Zh lpsrvh wkuhh edvlf uhvwulfwlrqv rq wkh elodwhudo qhjrwldwlrq pdsslqj/ o￿1
Wkh| duh frqwdlqhg lq wkh iroorzlqj=
Dvvxpswlrq 4 +Edvlf Uhvwulfwlrqv,= Wkh iroorzlqj edvlf uhvwulfwlrqv duh lp0
srvhg rq o￿/i r uc@4/5 dqg  9' =43
+l,1 li E￿c2cW￿cW2 5 -/ wkhq E￿c2cW￿cW2 5 o￿E￿c2cW￿cW2
+ll,1 Eh ￿c h 2c h W￿c h W2 5 o￿E￿c2cW￿cW2 li dqg rqo| li Eh 2c h ￿c h W2c h W￿ 5 o2E2c￿cW2cW￿




W2 5 o￿E￿c2cW￿cW2/ wkhq h 
W￿ ' W￿1
Lq zrugv/ zh dvvxph wkdw wkh elodwhudo qhjrwldwlrq ehwzhhq wkh jryhuqphqwv ri
wkh krph frxqwu| dqg iruhljq frxqwu|  duh frqvwudlqhg e| fhuwdlq edvlf uxohv/
zklfk pd| eh uhsuhvhqwhg e| d pdsslqj o￿ wkdw +l,1 shuplwv wkhvh jryhuqphqwv wr
pdlqwdlq wkh lqlwldo djuhhphqw> +ll,1 dssolhv v|pphwulfdoo| dfurvv wkh wzr iruhljq
wudglqj sduwqhuv> dqg +lll,1 uhfrjql}hv wkdw W￿ grhv qrw fkdqjh dv sduw ri dq|
elodwhudo djuhhphqw ehwzhhq wkh krph frxqwu| dqg iruhljq frxqwu| 144
Wkh ixoo idplo| ri qhjrwldwlrq uxohv frqvlvwhqw zlwk Dvvxpswlrq 4 lv txlwh
odujh dqg lqfoxghv d qxpehu ri lpsruwdqw fdqglgdwh uxohv iru frqvlghudwlrq1 Iru
h{dpsoh/ dv phqwlrqhg deryh/ wkh qhjrwldwlrq uxoh zklfk dozd|v uhtxluhv PIQ
wdulv iurp wkh krph frxqwu| lv lq wklv idplo|1 Lq wklv fdvh/ wkh vhw ri ihdvleoh
lqlwldo wdulv lv jlyhq dv - ' iE￿c2cW￿cW2 m ￿ ' 2j/ dqg/ lq oljkw ri wkh
edvlf uhvwulfwlrqv mxvw ghqhg/ wkh elodwhudo qhjrwldwlrq ehwzhhq wkh jryhuqphqwv
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W￿ ' W￿jc iru c @4/5 dqg  9' 1
Zlwk wkh ghqlwlrq ri d qhjrwldwlrq uxoh - lq kdqg/ zh wxuq qh{w wr d irupdo
ghqlwlrq ri vwdelolw|1
43Iru dq| wdul￿ yhfwru/ wkh ￿uvw +vhfrqg, dujxphqw lv wkh wdul￿ sodfhg e| wkh krph frxqwu|
rq lpsruwv iurp iruhljq frxqwu| 4 +5,/ dqg wkh wklug +irxuwk, dujxphqw lv wkh wdul￿ sodfhg e|
iruhljq frxqwu| 4 +5, rq lpsruwv iurp wkh krph frxqwu|1
44Qrwlfh wkdw zh gr qrw khuh uhvwulfw zkhwkhu wkh jryhuqphqw ri wkh krph frxqwu| fdq dowhu
￿m dv sduw ri d elodwhudo qhjrwldwlrq zlwk wkh jryhuqphqw ri iruhljq frxqwu| l1 Zh frqvlghu wkh
fruuhvsrqglqj lvvxh ri ￿elqglqjv￿ lq vxevhtxhqw vhfwlrqv/ zkhq zh lpsrvh ixuwkhu uhvwulfwlrqv1
48Ghqlwlrq +Vwdelolw|,= Dy h f w r ur iw d u l  vE￿c2cW￿cW2 lv vwdeoh xqghu qhjr0
wldwlrq uxoh - li
+l,1 E￿c2cW￿cW2 5 -/d q g





W2 rhuv d Sduhwr jdlq wr wkh jryhuqphqwv ri wkh krph0frxqwu|
dqg iruhljq0frxqwu|  dv frpsduhg wr E￿c2cW￿cW2
Lq rwkhu zrugv/ d yhfwru ri wdulv lv vwdeoh xqghu qhjrwldwlrq uxoh - li wkh wdulv duh
frqvlvwhqw zlwk wkh uxoh/ dqg wkh uxoh suhfoxghv ixwxuh pxwxdoo|0ehqhfldo elodwhudo
qhjrwldwlrqv ehwzhhq wkh krph jryhuqphqw dqg hlwkhu iruhljq jryhuqphqw145 Dv
phqwlrqhg lq wkh Lqwurgxfwlrq/ zh duh hvshfldoo| lqwhuhvwhg lq wkh h{whqw wr zklfk
d jlyhq vhw ri uxohv vhuyhv wr vwdelol}h h!flhqw wdul yhfwruv/ iru wkhq dq| pxwxdoo|0
ehqhfldo qhjrwldwlrq zrxog eh rssruwxqlvwlf/ l1h1/ frph dw wkh h{shqvh ri wkh
h{foxghg jryhuqphqw1
Ilqdoo|/ ohw xv eh fohdu derxw zkdw zh duh qrw grlqj1 Zh duh qrw vhhnlqj wr
ghwhuplqh wkh rswlpdo uxoh zlwklq wkh ixoo idplo| ri qhjrwldwlrq uxohv frqvlvwhqw
zlwk Dvvxpswlrq 41 Zhuh zh dwwhpswlqj wr gr vr/ zh pljkw iru h{dpsoh frqvlghu
d qhjrwldwlrq uxoh xqghu zklfk jryhuqphqwv fdq rqo| vhohfw h!flhqw wdulv lq
wkhlu lqlwldo qhjrwldwlrqv +l1h1/ - lv wkh h!flhqf| iurqwlhu,/ dqg wkhq duh doorzhg
rqo| wr pdlqwdlq wkhlu lqlwldo vhohfwlrq lq dq| vxevhtxhqw elodwhudo qhjrwldwlrq
+l1h1/ o￿ lv wkh lghqwlw| ixqfwlrq,1 Wklv qhjrwldwlrq uxoh fohduo| gholyhuv dq h!flhqw
rxwfrph/ exw wklv lv dfklhyhg dw wkh frvw ri d gudpdwlf ryhu0vlpsolfdwlrq ri
wkh qhjrwldwlrq surfhvv1 Dowhuqdwlyho|/ jryhuqphqwv pljkw eh jlyhq yhwr srzhu
ryhu dq| vxevhtxhqw elodwhudo djuhhphqw wr zklfk wkh| duh qrw sduw|1 Wklv/ wrr/
zrxog hqvxuh wkdw rssruwxqlvwlf elodwhudo qhjrwldwlrqv gr qrw wdnh sodfh/ exw d
prphqw*v uh hfwlrq vxjjhvwv wkdw d xqdqlprxv0frqvhqw uxoh kdv lwv rzq lpsruwdqw
vkruwfrplqjv1 Lq vxp/ zh dfnqrzohgjh wkdw +xqprghohg, frqfhuqv pd| pdnh vrph
uxohv pruh sudfwlfdo wkdq rwkhuv/ dqg zh wkhuhiruh wdnh dv rxu irfxv wkh vwdelolw|
surshuwlhv ri wudgh djuhhphqwv uhdfkhg xqghu wkh sduwlfxodu qhjrwldwlrq uxohv wkdw
duh surplqhqw lq JDWW sudfwlfh dqg glvfxvvlrq1
45Wkh vwdelolw| fulwhulrq wkdw zh hpsor| ehduv d orrvh dqdorj| wr wkh frqfhsw ri Frdolwlrq0
Surri Qdvk Htxloleulxp +FSQH,/ dv irupdoo| gh￿qhg e| Ehuqkhlp/ Shohj dqg Zklqvwrq +4<;:,/
lq wkdw zh ￿{ wkh wdul￿ ri wkh frxqwu| rxwvlgh wkh elodwhudo frdolwlrq dqg wkhq frqvlghu srvvleoh
jdlqv zlwklq wkh frdolwlrq1 Lpsruwdqw gl￿huhqfhv h{lvw/ krzhyhu1 Iluvw/ zh duh lqwhuhvwhg lq
elodwhudo qhjrwldwlrqv ehwzhhq wudglqj sduwqhuv> wkxv/ zh gr qrw frqvlghu doo frdolwlrqv/ dqg
wkhuh duh qr vxefrdolwlrqv +rwkhu wkdq vlqjohwrqv,1 Vhfrqg/ zh uhvwulfw wkh ehkdylru ri wkh
frdolwlrq phpehuv zlwk uxohv ri qhjrwldwlrq/ dqg wkhq dvn rqo| li wkhuh h{lvw wdul￿v xqghu zklfk
hdfk ri wkh wzr frdolwlrq phpehuv pd| jdlq1
4971 H!flhqw Wdulv dqg Qhjrwldwlrq Uxohv lq Glvfulplqdwru|
Hqylurqphqwv
Lq wklv vhfwlrq/ zh uhsuhvhqw jryhuqphqw suhihuhqfhv lq uhgxfhg irup dqg vwuhqjwkhq
voljkwo| rxu edvlf dvvxpswlrqv1 Zh wkhq fkdudfwhul}h wkh vhw ri h!flhqw wdulv
dprqj wkh wkuhh frxqwulhv/ xqghu wkh dvvxpswlrq wkdw glvfulplqdwru| wdulv duh
shuplwwhg1 Zlwk wklv fkdudfwhul}dwlrq lq kdqg/ zh qh{w hvwdeolvk wkdw qr h!flhqw
wdulv duh vwdeoh zlwkrxw ixuwkhu uhvwulfwlrqv rq wkh uxohv ri qhjrwldwlrq1 Zh wkhq
frqvlghu ixuwkhu uhvwulfwlrqv rq wkh uxohv ri qhjrwldwlrq xqghu zklfk h!flhqw wdulv
pd| ehfrph vwdeoh1
7141 Jryhuqphqw Suhihuhqfhv lq Uhgxfhg Irup
Wr ehjlq/ zh uhsuhvhqw jryhuqphqw zhoiduh lq uhgxfhg irup dv d gluhfw ixqfwlrq ri
wdulv1 Lq sduwlfxodu/ ohw f `E￿c2cW￿cW2  `ERcA dqg f `W￿E￿c2cW￿cW2 
`W￿ERW￿c h R￿￿c zkhuh doo sulfhv dqg whupv ri wudgh duh hydoxdwhg dw wkhlu pdunhw0
fohdulqj ohyhov1
Zh qrz vwuhqjwkhq rxu edvlf uhvwulfwlrqv voljkwo|/ vr dv wr irfxv rq wdulv iru
zklfk h{whuqdolwlhv fdq eh xqdpeljxrxvo| vljqhg=
Dvvxpswlrq 5 +H{whuqdolwlhv,= Zh uhvwulfw - wr lqfoxgh rqo| wdulv iru
zklfk/ iru c@4/5 dqg  9' =
+l,1 f `￿￿ : f dqg f `W￿
￿W￿ : f(
+ll,1 f `￿W￿ 	 f dqg f `W￿
￿￿ 	 f( dqg
+lll,1 f `W￿
￿W￿ : f dqg f `W￿
￿￿ : f1
Wkxv/ zh frqvlghu qhjrwldwhg wdulv dw zklfk +l, hdfk jryhuqphqw zrxog suhihu wr
xqlodwhudoo| udlvh lwv wdul> +ll, hdfk jryhuqphqw h{shulhqfhv d zhoiduh uhgxfwlrq
zkhq lwv h{sruw jrrg lv frqiurqwhg zlwk d kljkhu wdul iurp d wudglqj sduwqhu>
dqg +lll, iruhljq jryhuqphqw  lv sohdvhg zkhq hlwkhu wkh krph jryhuqphqw udlvhv
lwv wdul rq wkh h{sruwv ri iruhljq frxqwu|  ru iruhljq jryhuqphqw  udlvhv lwv
wdul rq wkh h{sruwv ri wkh krph frxqwu|1 Wkhvh dvvxpswlrqv |lhog d qhjrwldwlrq
hqylurqphqw lq zklfk hdfk jryhuqphqw ylhzv d wdul uhgxfwlrq rq lwv sduw dv d
frqfhvvlrq wkdw lv srwhqwldoo| dsshdolqj li d wudglqj sduwqhu uhflsurfdwhv zlwk
d wdul uhgxfwlrq ri lwv rzq1 Ixuwkhu/ iruhljq jryhuqphqw  j d l q vz k h qw k ho h y h o
ri surwhfwlrq ehwzhhq iruhljq frxqwu|  dqg wkh krph frxqwu| lv lqfuhdvhg1
Wkhvh uhgxfhg0irup suhihuhqfhv duh eurdgo| frqvlvwhqw zlwk wkrvh dwwulexwhg
wr jryhuqphqw wudgh0srolf| qhjrwldwruv +vhh/ h1j1/ Nuxjpdq +4<<4/ 4<<:,,1 Exw
4:gr wkhvh suhihuhqfhv pdnh hfrqrplf vhqvhB Nuxjpdq +4<<4/ 4<<:, kdv dujxhg
irufhixoo| wkdw wkh| gr qrw146 Zh wkhuhiruh hpskdvl}h wkdw Dvvxpswlrq 5 pd| eh
uhodwhg edfn wr wkh prgho ghyhorshg lq Vhfwlrq 5/ dqg wkdw lq wklv frqwh{w wkhvh
suhihuhqfhv gr lqghhg dgplw d vlpsoh hfrqrplf lqwhusuhwdwlrq1 Lq hvvhqfh/ rxu
lqwhusuhwdwlrq uhtxluhv wkdw hdfk jryhuqphqw*v suhihuhqfhv duh vx!flhqwo| vhqvlwlyh
wr wkh whupv0ri0wudgh lpsolfdwlrqv ri wudgh0srolf| fkrlfhv dw doo wdul yhfwruv lq
-147
Wr vhh wklv lqwhusuhwdwlrq/ frqvlghu wkh suhihuhqfhv ri wkh jryhuqphqw ri iruhljq












Dv wklv h{suhvvlrq uhyhdov/ d jryhuqphqw*v zhoiduh lv dhfwhg e| lwv rzq wdul
wkurxjk wkh hhfwv wkdw wklv wdul kdv rq lwv orfdo uhodwlyh sulfh dqg whupv ri
wudgh1 Wkh qdwxudo fdvh +l1h1/ wkh fdvh dulvlqj devhqw wkh Phw}ohu sdudgr{, lv rqh
lq zklfk d kljkhu wdul lpsrvhg e| wkh jryhuqphqw ri iruhljq frxqwu|  ohdgv
wr d orzhu orfdo uhodwlyh sulfh lq iruhljq frxqwu|  +l1h1/
_RW￿
_￿W￿ 	 f,1 Xqghu wkh
dvvxpswlrqv ri rxu edvlf hfrqrplf prgho/ lw wkhq iroorzv wkdw wkh jryhuqphqw
ri iruhljq frxqwu|  suhihuv wr lqfuhdvh lwv rzq wdul surylghg wkdw `W￿
RW￿ lv qrw
wrr srvlwlyh/ vr wkdw wkh ehqhfldo whupv0ri0wudgh frqvhtxhqfhv ri vxfk dq dfw
ryhuzkhop dq| srvvleoh qhjdwlyh hhfwv wkdw wkh dvvrfldwhg orfdo uhodwlyh sulfh
pryhphqwv lpso|1
Wkh vljq ri `W￿
RW￿ lq wxuq lqglfdwhv zkhwkhu wklv jryhuqphqw zrxog suhihu d
kljkhu ru orzhu orfdo uhodwlyh sulfh/ zhuh pxwxdo wdul dgmxvwphqwv xqghuwdnhq
wkdw pdlqwdlqhg lwv zruog sulfh1 Wklv hydoxdwlrq lv looxvwudwhg lq Iljxuh 4/ zkhuh
wkh srlqw F fruuhvsrqgv wr wkh suhihuuhg orfdo uhodwlyh sulfh iru iruhljq jryhuqphqw
/ jlyhq wkh zruog sulfh +l1h1/ dw srlqw F/ `W￿
RW￿ 'f ,1 Zkhq `W￿
RW￿ lv srvlwlyh/
wkh orfdo uhodwlyh sulfh lv orzhu wkdq suhihuuhg/ zklfk lv wr vd| wkdw wkh iruhljq
jryhuqphqw ri frxqwu|  zrxog suhihu pruh wudgh dw wkh jlyhq zruog sulfh +l1h1/
wkh wdulv uhvw dw d srlqw vxfk dv srlqw G,1 Zlwk Dvvxpswlrq 5 zh wkxv hqvxuh
wkdw/ iru doo wdul yhfwruv lq -/ wkh jryhuqphqw ri iruhljq frxqwu|  lv qhyhu vr
46Hwklhu +4<<;, dgrswv wklv shuvshfwlyh dv zhoo1 Kh lpsrvhv wkh ehkdylrudo dvvxpswlrq wkdw
jryhuqphqwv ￿gr zkdw wkh| fodlp wr eh grlqj/￿ exw kh grhv qrw dwwhpsw wr ghyhors dq hfrqrplf
lqwhusuhwdwlrq iru wkh suhvxphg suhihuhqfhv1
47Wklv lqwhusuhwdwlrq lv ghyhorshg pruh ixoo| lq rxu hduolhu sdshu +Edjzhoo dqg Vwdljhu/ iruwk0
frplqj,1 Lw ehduv hpskdvlv wkdw wkh uroh ri Dvvxpswlrq 5 lv qrw wr ixuwkhu uhvwulfw suhihuhqfhv
+eh|rqg wkh uhvwulfwlrqv ghvfulehg lq Vhfwlrq 5,/ exw udwkhu wr uhvwulfw wkh vhw ri wudgh djuhhphqwv
wr zklfk rxu vwdelolw| dqdo|vlv dssolhv1
4;hdjhu wr dfklhyh pruh wudgh wkdw lw zrxog eh zloolqj hyhq wr xqlodwhudoo| orzhu lwv
rzq wdul dqg h{shulhqfh wkh fruuhvsrqglqj whupv0ri0wudgh orvv +l1h1/ Dvvxpswlrq
5 hqvxuhv wkdw d pryhphqw iurp G wr G* lq Iljxuh 4 lv qrw dsshdolqj,1 Zh kdyh
ehhq fduhixo wr h{sodlq wklv uhdvrqlqj lq whupv ri wkh xqghuo|lqj orfdo dqg zruog
sulfh hhfwv/ vlqfh dq xqghuvwdqglqj ri wkhvh hhfwv lv lpsruwdqw iru zkdw iroorzv1
Pruh eurdgo|/ krzhyhu/ zh duh vlpso| uhtxlulqj lq sduw +l, ri Dvvxpswlrq 5 wkdw
wdulv duh ehorz wkhlu ehvw0uhvsrqvh ydoxhv1 Wkh lqwhusuhwdwlrq ri wkh uhpdlqlqj
sduwv ri Dvvxpswlrq 5 pd| eh vhhq dqdorjrxvo|1
Surfhhglqj zlwk wklv dvvxpswlrq dqg rxu uhgxfhg0irup uhsuhvhqwdwlrq ri jry0
huqphqw suhihuhqfhv/ zh qrz fkdudfwhul}h h!flhqw wdulv dqg dvvhvv wkh srwhqwldo
iru rssruwxqlvwlf elodwhudo djuhhphqwv1 Zh uhwxuq wr hpskdvl}h wkh xqghuo|lqj
lqwhusuhwdwlrq ghyhorshg deryh zkhq zh frqvlghu srvvleoh uxohv wkdw pd| dgguhvv
wkh rssruwxqlvp sureohp1
7151 Fkdudfwhul}dwlrq ri H!flhqw Wdulv
Dw dq h!flhqw vhw ri wdulv/ qr rqh jryhuqphqw fdq jdlq iurp dq dgmxvwphqw lq
wkh wdul yhfwru/ zlwkrxw vlpxowdqhrxvo| uhgxflqj wkh zhoiduh ri dw ohdvw rqh rwkhu




e / pxvw wkhuhiruh vroyh
wkh iroorzlqj surjudp=
















e cs J o ' c2
Zh rplw d irupdo dqdo|vlv ri wklv surjudp/ dv wkh vroxwlrq pd| eh hdvlo|
fkdudfwhul}hg zlwk wkh dvvlvwdqfh ri vrph vlpsoh jxuhv1 Zh ehjlq e| vwdwlqj rxu
uvw sursrvlwlrq=




e  lv dq h!flhqw yhfwru ri
















Wr lqwhusuhw wkh fkdudfwhul}dwlrq/ zh uhihu wr Iljxuh 51 Zlwk ￿ rq wkh yhuwlfdo
d{lv dqg W￿ rq wkh krul}rqwdo d{lv/ zh revhuyh uvw wkdw wkh lvr0zhoiduh fxuyh iru
4<wkh krph frxqwu| jryhuqphqw lv srvlwlyho| vorshg ryhu wkh uhohydqw uhjlrq1 Wklv
vlpso| uh hfwv wkdw wkh krph jryhuqphqw wudghv r d kljkhu rzq wdul +zklfk
lv jrrg, djdlqvw d kljkhu wdul iurp iruhljq frxqwu|  +zklfk lv edg, zkhq wkh
krph frxqwu| jryhuqphqw*v zhoiduh lv khog {hg1 Wkh lvr0zhoiduh fxuyh ri wkh
jryhuqphqw ri iruhljq frxqwu|  lv srvlwlyho| vorshg iru wkh vdph uhdvrq1 Vhfrqg/
zh revhuyh wkdw wkh lvr0zhoiduh fxuyh iru wkh jryhuqphqw ri iruhljq frxqwu|  lv
qhjdwlyho| vorshg/ vlqfh lw ehqhwv iurp dq lqfuhdvh lq hlwkhu wdul1 Wklug/ zh
revhuyh wkdw dq h!flhqw wdul yhfwru ohdyhv d ohqv lq zklfk wkh jryhuqphqwv ri wkh
krph frxqwu| dqg iruhljq frxqwu|  frxog h{shulhqfh zhoiduh jdlqv148 Lpsruwdqwo|/
zh qrwh wkdw wkh ohqv olhv ehorz wkh lvr0zhoiduh fxuyh ri wkh jryhuqphqw ri iruhljq
frxqwu| 1
Wr xqghuvwdqg wkh orfdwlrq ri wkh ohqv/ lw lv lqvwuxfwlyh wr hqwhuwdlq wkh rssrvlwh
srvvlelolw| lq zklfk wkh ohqv olhv deryh wkh lvr0zhoiduh fxuyh ri wkh jryhuqphqw ri
iruhljq frxqwu| 1 Li wklv zhuh wkh fdvh/ wkhq lw zrxog eh srvvleoh wr udlvh wkh wzr
wdulv lq d zd| wkdw rhuhg jdlqv wr doo wkuhh jryhuqphqwv1 Wkh jryhuqphqwv ri wkh
krph frxqwu| dqg iruhljq frxqwu|  frxog reylrxvo| jdlq iurp vxfk d pdqhxyhu1
Pruhryhu/ zkhq wkhvh jryhuqphqwv lpsrvh kljkhu wdulv rq hdfk rwkhu*v h{sruwv/
iruhljq frxqwu|  h{shulhqfhv d whupv ri wudgh jdlq/ dqg xqghu Dvvxpswlrq 5 wklv
uhvxowv lq d zhoiduh lpsuryhphqw iru wkh jryhuqphqw ri wklv frxqwu|1 D pruh vxewoh
srvvlelolw| lv wkdw wkhuh lv qr ohqv= wkh lvr0zhoiduh fxuyhv ri wkh jryhuqphqwv ri wkh
krph frxqwu| dqg iruhljq frxqwu|  duh wdqjhqw dw wkh srlqw dw zklfk wkh| lqwhuvhfw
wkh lvr0zhoiduh fxuyh ri wkh jryhuqphqw ri iruhljq frxqwu| 1 Wklv duudqjhphqw
idlov wr vroyh Surjudp ` dv zhoo/ exw d pruh lqyroyhg dowhudwlrq ri wdulv lv qrz
uhtxluhg wr surgxfh Sduhwr lpsuryhphqwv1 Iru h{dpsoh/ udlvlqj ￿ dqg W￿ dorqj
wkh lvr0zhoiduh fxuyh ri iruhljq frxqwu|  zloo fdxvh wkh krph0frxqwu| jryhuqphqw
wr h{shulhqfh d vhfrqg0rughu zhoiduh orvv/ zkloh jhqhudwlqj d uvw0rughu zhoiduh
ehqhw iru wkh jryhuqphqw ri iruhljq frxqwu| 1 Dgmxvwphqwv wr ￿ dqg W￿ fdq
wkhq eh irxqg wkdw hqvxuh jdlqv iru doo wkuhh jryhuqphqwv149 Wkhuhiruh/ li wkh
yhfwru ri wdulv lv h!flhqw/ wkhq wkh ohqv lqghhg pxvw olh ehorz wkh lvr0zhoiduh
fxuyh ri wkh jryhuqphqw ri iruhljq frxqwu| /d vg h s l f w h gl qI l j x u h5 1
48Iru hdfk lvr0zhoiduh fxuyh/ wkh ghslfwhg duurzv lqglfdwh wkh gluhfwlrq lq zklfk zhoiduh ulvhv1
49Lq wkh wdqjhqf| fdvh/ wkh zhoiduhv ri wkh jryhuqphqwv ri wkh krph frxqwu| dqg iruhljq
frxqwu| m fdq eh lqfuhdvhg zkloh pdlqwdlqlqj wkh zhoiduh ri wkh jryhuqphqw ri iruhljq frxqwu| l
li zh dgmxvw wdul￿v dffruglqj wr wkh iroorzlqj surfhgxuh= +l,1 lqfuhdvh ￿l dqg ￿￿l vr dv wr suhvhuyh
f Z￿l> wkhuhe| fuhdwlqj d vhfrqg0rughu orvv +￿uvw0rughu jdlq, iru f Z +f Z￿m,> +ll,1 udlvh ￿m dqg orzhu
￿￿m vr dv wr suhvhuyh f Z￿l/ wkhuhe| fuhdwlqj d ￿uvw0rughu jdlq +￿uvw0rughu orvv, iru f Z +f Z￿m,> dqg
+lll,1 hqvxuh wkdw wkh ￿uvw dgmxvwphqw lv odujh dv frpsduhg wr wkh vhfrqg/ wkhuhe| fuhdwlqj d
qhw jdlq iru f Z￿m1 Vshfl￿fdoo|/ lw vx!fhv wr slfn wdul￿ fkdqjhv wkdw vdwlvi|= g￿￿l @ %l A 3>g￿l @
537161 Wkh Vwdelolw| ri H!flhqw Wdulv
Zh qh{w frqvlghu wkh vwdelolw| ri h!flhqw wdulv1 Zh ehjlq e| qrwlqj wkdw/ xqghu
Dvvxpswlrqv 4 dqg 5/ qr wdulv lq - duh vwdeoh1 Wklv qglqj lv lpphgldwh/ vlqfh
wkh uhvwulfwlrqv doorzhg lq wkhvh dvvxpswlrqv shuplw wkh krph jryhuqphqw wr udlvh
￿ dv sduw ri lwv elodwhudo qhjrwldwlrq zlwk wkh jryhuqphqw ri iruhljq frxqwu| 1
Ixuwkhu/ xqghu Dvvxpswlrq 5/ wkh krph jryhuqphqw dqg wkh jryhuqphqw ri iruhljq
frxqwu|  erwk jdlq zkhq wkh krph jryhuqphqw udlvhv ￿1
Wklv revhuydwlrq prwlydwhv d ixuwkhu uhvwulfwlrq rq wkh uxohv ri elodwhudo qh0
jrwldwlrqv1 Lq sduwlfxodu/ d qdwxudo uxoh ri qhjrwldwlrq lv wkdw d wdul frqfhvvlrq
pdgh lq d suhylrxv djuhhphqw lv erxqg dqg fdqqrw eh uhyhuvhg lq d vxevhtxhqw
qhjrwldwlrq/ xqohvv wkh wudglqj sduwqhu rq zkrvh h{sruwv wkh erxqg wdul dssolhv
lv uhsuhvhqwhg1 Vxfk d uhvwulfwlrq pljkw eh lpsrvhg lq hlwkhu ri wzr zd|v1 Iluvw/
lw pd| eh wkdw wkh elqglqj lv vwulfw= lq dq| ixwxuh elodwhudo qhjrwldwlrq zlwk wkh
jryhuqphqw ri iruhljq frxqwu| / wkh krph jryhuqphqw lv qrw doorzhg wr dowhu wkh
wdul wkdw lw kdg suhylrxvo| djuhhg wr dsso| wr h{sruwv iurp iruhljq frxqwu| 1
Dowhuqdwlyho|/ wkh elqglqj pd| eh zhdn/ vshfli|lqj rqo| wkdw wkh krph jryhuqphqw
lv qrw doorzhg lq vxfk d ixwxuh elodwhudo qhjrwldwlrq wr udlvh wkh wdul wkdw lw kdg
suhylrxvo| djuhhg wr dsso| wr h{sruwv iurp iruhljq frxqwu| 1W k hz h d ne l q g l q j
fdvh judqwv jryhuqphqwv pruh iuhhgrp zkhq frqgxfwlqj wkhlu elodwhudo qhjrwld0
wlrqv/ dqg lw lv wklv uhvwulfwlrq wkdw lv hqfrghg lq JDWW +vhh Mdfnvrq/ 4<9</ ss1
5340544,1 Hlwkhu irup ri wkh elqglqj uhvwulfwlrq holplqdwhv wkh srwhqwldo ri wkh
krph jryhuqphqw wr ghvwdelol}h dq h!flhqw djuhhphqw e| odwhu udlvlqj ￿1
Wkh iroorzlqj ghqlwlrq irupdol}hv wkh wzr irupv wkdw wkh elqglqj uhvwulfwlrq
pd| wdnh=
Ghqlwlrq +Elqglqjv,= Elqglqjv lpsrvh wkh ixuwkhu uhvwulfwlrqv rq o￿/i r u
c@4/5 dqg  9' =
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Sduw +D, ri wklv ghqlwlrq fdswxuhv wkh ixuwkhu uhvwulfwlrq ri d vwulfw elqglqj/ zkloh
sduw +E, fruuhvsrqgv wr wkh ixuwkhu uhvwulfwlrq ri d zhdn elqglqj1 Ehorz/ zkhq











































54Zkloh wkh elqglqj uhvwulfwlrq suhyhqwv wkh jryhuqphqw ri wkh krph frxqwu|
iurp rssruwxqlvwlfdoo| udlvlqj ￿/ wklv lq lwvhoi lv qrw vx!flhqw wr vwdelol}h dq|
h!flhqw wdul yhfwru1 Dv wkh glvfxvvlrq lq wkh suhylrxv vxevhfwlrq vxjjhvwv/ wkh
jryhuqphqwv ri wkh krph frxqwu| dqg iruhljq frxqwu|  fdq dovr jdlq lq frpsdulvrq
wr dq lqlwldo h!flhqw wdul duudqjhphqw e| orzhulqj wkh wdulv wkdw wkh| dsso| wr
rqh dqrwkhu +l1h1/ e| prylqj lqwr wkh ohqv,1 Irupdoo|=
Sursrvlwlrq 5 +Lqvwdelolw| ri H!flhqw Wdulv,= Zkhwkhu ru qrw elqglqjv duh
lpsrvhg/ qr h!flhqw wdul yhfwru lq - lv vwdeoh1
Dv Iljxuh 5 lqglfdwhv/ wkh nh| srlqw lv wkdw/ e| orzhulqj wkh wdulv wkdw wkh|
dsso| wr rqh dqrwkhu/ wkh jryhuqphqwv ri wkh krph frxqwu| dqg iruhljq frxqwu| 
fdxvh d whupv ri wudgh orvv iru iruhljq frxqwu| 1L qh  h f w /w k hj r y h u q p h q w vr iw k h
krph frxqwu| dqg iruhljq frxqwu|  f r q y h u ww k l vo r v vl q w rw k h l ur z qj d l q /w k h u h e |
uhqghulqj xqvwdeoh dq| h!flhqw wdul frpelqdwlrq/ hyhq zkhq wkh wdul wkdw wkh
krph jryhuqphqw dssolhv wr h{sruwv iurp iruhljq frxqwu|  lv erxqg +zkhwkhu
zhdno| ru vwulfwo|,14:
Dw wklv srlqw/ zh kdyh lghqwlhg d sureohp ri elodwhudo rssruwxqlvp wkdw
hphujhv lq wdul qhjrwldwlrqv dfurvv pxowlsoh sduwqhuv1 Wkh uhvwulfwlrqv rq qh0
jrwldwlrqv wkdw zh kdyh khuhwriruh lpsrvhg xsrq wkh qhjrwldwlrq surfhvv duh lq0
fdsdeoh ri suhyhqwlqj wklv sureohp> lqghhg/ hyhu| h!flhqw wdul duudqjhphqw lv
xqvwdeoh1 Wklv prwlydwhv wkh vhdufk iru dgglwlrqdo uxohv e| zklfk qhjrwldwlrqv
p l j k we hu h t x l u h gw rd e l g h 1
7171 Wkh Uhflsurfdo Pdunhw Dffhvv Uxoh
Dprqj wkh fdqglgdwh uxohv wkdw pljkw eh frqvlghuhg wr vroyh wkh sureohp ri el0
odwhudo rssruwxqlvp/ shukdsv wkh prvw qdwxudo uxoh lv rqh zklfk gluhfwo| surklelwv
d elodwhudo djuhhphqw wkdw dowhuv wkh zhoiduh ri dq| qrq0sduwlflsdwlqj jryhuqphqw1
Lq whupv ri Iljxuh 5/ vxfk d uxoh zrxog doorz elodwhudo qhjrwldwlrqv ehwzhhq wkh
4:Lq oljkw ri Sursrvlwlrq 5/ lw lv lqwhuhvwlqj wr frqvlghu dv zhoo zkhwkhu dq| wdul￿ yhfwruv lq
DU duh vwdeoh lq wkh suhvhqfh ri elqglqjv1 Iru lqh!flhqw wdul￿v lq DU/ wkhuh duh wkuhh srvvleoh
fdvhv wr frqvlghu= zh pd| kdyh d grzqzdug gluhfwlrqdo ohqv/ dq xszdug gluhfwlrqdo ohqv/ ru qr
ohqv dw doo ehwzhhq wkh krph frxqwu| dqg iruhljq frxqwu| l1 Lqvwdelolw| fohduo| dulvhv lq wkh
￿uvw wzr fdvhv1 Rq wkh rwkhu kdqg/ li wkhuh lv qr ohqv ehwzhhq wkh krph frxqwu| dqg hlwkhu
ri lwv iruhljq wudglqj sduwqhuv/ wkhq wkh lqlwldo djuhhphqw lv vwdeoh lq wkh suhvhqfh ri elqglqjv1
Iljxuh 5 vxjjhvwv wkdw vxfk dq lqlwldo djuhhphqw lv olnho| wr lqyroyh h{fhvvlyh +l1h1/ vxsud0h!flhqw,
olehudol}dwlrq1 Wklv revhuydwlrq lv dqdorjrxv wr ￿qglqjv uhsruwhg e| PfDihh dqg Vfkzduw} +4<<7,
lq wkhlu dqdo|vlv ri elodwhudo frqwudfwlqj dqg pdqxidfwxuhu0uhwdlohu uhodwlrqvklsv1
55krph frxqwu| dqg iruhljq frxqwu|  rqo| ryhu d vhw ri wdulv wkdw suhvhuyh wkh
zhoiduh ri wkh jryhuqphqw ri iruhljq frxqwu| 1 Zkloh vxfk d uxoh lv dsshdolqj
lq wkh devwudfw/ lwv sudfwlfdo phulw lv pxfk ohvv fohdu1 Lq ylhz ri wkh pdq| irupv
wkdw jryhuqphqw zhoiduh ixqfwlrqv pd| wdnh/ frxog d uxoh ri wklv qdwxuh hyhu eh
ghqhg lq d sudfwlfdo zd|B
Surjuhvv lq dqvzhulqj wklv txhvwlrq fdq eh pdgh e| uhihuulqj wr wkh xqghuo|lqj
prgho ri Vhfwlrq 51 Uhfdoo uvw wkdw Dvvxpswlrq 4 sodfhv W￿ rxwvlgh wkh uhdfk
ri dq| elodwhudo djuhhphqw ehwzhhq wkh krph frxqwu| dqg iruhljq frxqwu| 1Z h
pd| wkxv frqfoxgh wkdw wkh zhoiduh ri wkh jryhuqphqw ri iruhljq frxqwu|  zloo
eh xqdhfwhg e| elodwhudo qhjrwldwlrqv ehwzhhq wkh jryhuqphqwv ri wkh krph
frxqwu| dqg iruhljq frxqwu| / surylghg rqo| wkdw wkhvh qhjrwldwlrqv gr qrw dowhu
h R￿￿=z l w kW￿ xqwrxfkhg e| dq| elodwhudo qhjrwldwlrq wr zklfk iruhljq frxqwu| 
lv qrw sduw|/ wkh {hg h R￿￿ lpsolhv dv zhoo d {hg RW￿/ dqg wkhuhiruh {hg zhoiduh
iru wkh jryhuqphqw ri iruhljq frxqwu| 1 Lq whupv ri Iljxuh 5/ wkh xqghuo|lqj
prgho ri Vhfwlrq 5 wkhuhiruh lpsolhv wkdw wkh lvr0zhoiduh fxuyh iru wkh jryhuqphqw
ri iruhljq frxqwu|  lv vlpso| wkh rJ  h R￿￿ o r f x vl qw k l v j x u h 1 4;
Wklv vxjjhvwv wkh frqvlghudwlrq ri dq dgglwlrqdo uxoh ri qhjrwldwlrq zklfk
zrxog doorz elodwhudo qhjrwldwlrqv ehwzhhq wkh krph frxqwu| dqg iruhljq frxqwu|
 rqo| ryhu d vhw ri wdulv wkdw suhvhuyh h R￿￿1 Wklv uhvwulfwlrq zrxog suhvhuyh wkh
zhoiduh ri wkh xquhsuhvhqwhg jryhuqphqw zkhqhyhu wzr jryhuqphqwv qhjrwldwh
elodwhudoo|1 Pruhryhu/ lw fdq eh jlyhq d vlpsoh lqwhusuhwdwlrq dv d uhflsurfdo
pdunhw dffhvv uxoh1 Wklv lv ehfdxvh/ zlwk W￿ ghwhuplqhg rxwvlgh wkh elodwhudo
qhjrwldwlrqv ehwzhhq wkh krph frxqwu| dqg iruhljq frxqwu| / h R￿￿ zloo eh suhvhuyhg
li dqg rqo| li wkh elodwhudo h{sruw dqg lpsruw yroxphv ehwzhhq wkh krph frxqwu|
dqg iruhljq frxqwu|  +l1h1/ wkh pdunhw dffhvv wkdw hdfk drugv wr wkh rwkhu, duh
ohiw xqdowhuhg14<

































iurp zklfk zh pd| frq￿up wkdw wkh lvr0zhoiduh orfxv ri wkh jryhuqphqw ri iruhljq frxqwu| m lv
jlyhq e| wkh lvr ￿ h szm orfxv1
4<Li h szm dqg ￿￿m duh khog ￿{hg/ wkhq s￿m @ h szm@￿￿m lv dovr ￿{hg/ dqg vr erwk h{sruwv iurp
iruhljq frxqwu| m wr wkh krph frxqwu| +l1h1/ H￿m
{ +s￿m> h szm,, dqg h{sruwv iurp wkh krph frxqwu|
wr iruhljq frxqwu| m +l1h1/ P￿m
| +s￿m> h szm,, duh ￿{hg dv zhoo1 Jrlqj wkh rwkhu zd|/ +516, iru iruhljq
frxqwu| m lpsolhv wkdw/ li erwk h{sruwv iurp iruhljq frxqwu| m wr wkh krph frxqwu| dqg h{sruwv
iurp wkh krph frxqwu| wr iruhljq frxqwu| m duh ￿{hg/ wkhq h szm lv ￿{hg/ wrr1 Ilqdoo|/ zh qrwh wkdw
56Zh wkhuhiruh frqvlghu wkh iroorzlqj ghqlwlrq=
Ghqlwlrq +Uhflsurfdo Pdunhw Dffhvv Uxoh,= Wkh Uhflsurfdo Pdunhw Dffhvv










Zh pd| qrz vwdwh=
Sursrvlwlrq 6 +Vwdelolw| dqg wkh Uhflsurfdo Pdunhw Dffhvv Uxoh,= Xqghu
wkh Uhflsurfdo Pdunhw Dffhvv Uxoh/ hyhu| h!flhqw wdul yhfwru lq - lv vwdeoh1
Sursrvlwlrq 6 lpsolhv wkdw d qhjrwldwlrq uxoh zklfk vhuyhv wr suhyhqw jryhuqphqwv
iurp dowhulqj wkhlu pdunhw dffhvv uhodwlrqvklsv zlwk frxqwulhv qrw uhsuhvhqwhg lq
wkh qhjrwldwlrqv vwdelol}hv hyhu| h!flhqw wdul yhfwru1 Dv Iljxuh 5 uhyhdov/ vwduwlqj
iurp dq h!flhqw wdul yhfwru/ d pxwxdoo| ehqhfldo elodwhudo djuhhphqw ehwzhhq
wkh jryhuqphqwv ri wkh krph frxqwu| dqg iruhljq frxqwu|  lv srvvleoh rqo| li wkh|
hdfk orzhu wkhlu wdulv1 Wklv lv qrw srvvleoh zkhq zh lpsrvh dv zhoo wkh uhflsurfdo
pdunhw dffhvv uxoh/ vlqfh wkh zhoiduh ri wkh jryhuqphqw ri iruhljq frxqwu|  lv
wkhq suhvhuyhg rqo| li d uhgxfwlrq lq ￿ lv edodqfhg djdlqvw dq lqfuhdvh lq W￿ +ru
ylfh yhuvd,1 Dq| lqlwldo wdul djuhhphqw wkdw lv h!flhqw lv wkxv vwdeoh1
Qrwlfh wkdw wkh hhfwlyhqhvv ri wklv uxoh grhv qrw uhtxluh d elqglqjv uhvwulfwlrq1
Li wkh jryhuqphqw ri wkh krph frxqwu| zhuh wr lqfuhdvh ￿/ wkhq wkh uhflsurfdo
pdunhw dffhvv uxoh zrxog uhtxluh wkdw wkh ohyho ri surwhfwlrq ehwzhhq wkh krph
frxqwu| dqg iruhljq frxqwu|  eh lqfuhdvhg lq rvhwwlqj idvklrq vr dv wr vwdel0
ol}h h R￿￿/ dqg wkh zhoiduh ri wkh jryhuqphqw ri iruhljq frxqwu|  zrxog vwloo eh
pdlqwdlqhg1 Wkh uhflsurfdo pdunhw dffhvv uxoh wkhuhiruh surwhfwv wkh zhoiduh ri
wkh qrq0sduwlflsdwlqj jryhuqphqw gluhfwo|/ dqg d elqglqjv uhvwulfwlrq lv wkxv uh0
gxqgdqw1 Vlpso|/ elqglqjv ru qrw/ wkhuh lv qr zd| iru wkh jryhuqphqwv ri wkh
krph frxqwu| dqg iruhljq frxqwu|  wr h{shulhqfh pxwxdo zhoiduh jdlqv wkurxjk d
elodwhudo djuhhphqw/ zkhq wkh lqlwldo djuhhphqw lv h!flhqw dqg wkh zhoiduh ri wkh
jryhuqphqw ri iruhljq frxqwu|  fdq qrw eh uhgxfhg1
Dq lqwhuhvwlqj frqvhtxhqfh ri Sursrvlwlrq 6 lv wkdw wkh idvflqdwlrq ri dfwxdo
qhjrwldwruv zlwk pdunhw dffhvv frqfhuqv dgplwv d vlpsoh hfrqrplf lqwhusuh0
wdwlrq1 Lq wkh suhvhqw frqwh{w/ zh pd| xqghuvwdqg wklv frqfhuq dv uh hfwlqj d
wkh pdunhw dffhvv uxoh pxvw eh uhflsurfdo= dv Vulqlydvdq +4<<;, dqg Zlqwhuv +4<<:, qrwh lq wkhlu
fulwltxh ri PfPloodq*v +4<<6, glvfxvvlrq ri suhihuhqwldo wudglqj djuhhphqwv/ li wkh qhjrwldwlrq
uxoh uhtxluhv rqo| wkdw h{sruwv iurp iruhljq frxqwu| m wr wkh krph frxqwu| duh xqdowhuhg/ wkhq
lw qhhg qrw iroorz wkdw h szm lv ￿{hg1
57ghvluh wr hqvxuh wkdw elodwhudo qhjrwldwlrqv gr qrw hurgh wkh ydoxh ri h{lvwlqj frq0
fhvvlrqv1 Pruh eurdgo|/ rxu dqdo|vlv vxjjhvwv wkdw jryhuqphqwv kdyh d ohjlwlpdwh
edvlv iurp zklfk wr dssurdfk wkhlu pxowlodwhudo wudglqj uhodwlrqvklsv zlwk wkh jrdo
ri vhfxulqj dqg wkhq pdlqwdlqlqj vwdeoh pdunhw dffhvv uhodwlrqvklsv zlwk hdfk ri
wkhlu lpsruwdqw wudglqj sduwqhuv1
Zkloh zh hpskdvl}h wkurxjkrxw wkh vwdelolw| surshuwlhv ri h!flhqw wdul yhf0
wruv/ lw lv lqwhuhvwlqj wr revhuyh wkdw wkh uhflsurfdo pdunhw dffhvv uxoh dovr ghvwd0
elol}hv hyhu| lqh!flhqw wdul yhfwru1 Lq rwkhu zrugv/ xqghu wkh uhflsurfdo pdunhw
dffhvv uxoh/ d wdul yhfwru lq - lv vwdeoh li dqg rqo| li lw lv h!flhqw1 Wr vhh wklv/
ohw xv frqvlghu dq lqh!flhqw wdul yhfwru wkdw jlyhv ulvh wr d grzqzdug gluhfwlrqdo
ohqv +dv lq Iljxuh 5, iru wkh jryhuqphqwv ri wkh krph frxqwu| dqg iruhljq frxqw| 1
Wkh krph jryhuqphqw wkhq kdv vx!flhqw  h{lelolw| wr fuhdwh d pxwxdoo|0ehqhfldo
elodwhudo djuhhphqw/ zkloh vwloo uhvshfwlqj wkh uhflsurfdo pdunhw dffhvv uxoh1 Lq
sduwlfxodu/ lw fdq orzhu ￿ dqg wkhq hqmr| elodwhudo jdlqv zlwk wkh jryhuqphqw ri
iruhljq frxqwu|  dv wkh| uhgxfh wkhlu wdulv grzq lqwr wkh ohqv1 Wkhvh dgmxvw0
phqwv kdyh frpshwlqj hhfwv iru wkh jryhuqphqw ri iruhljq frxqwu| /d q gw k h v h
hhfwv fdq eh duudqjhg wr hqvxuh wkdw/ rq qhw/ wkh zhoiduh ri iruhljq frxqwu|  lv
xqdowhuhg1 Wkh jryhuqphqwv ri wkh krph frxqwu| dqg iruhljq frxqwu|  fdq wkxv
hqjlqhhu d elodwhudo djuhhphqw wkdw hqdeohv wkhp wr hqmr| vrph ri wkh uhpdlqlqj
h!flhqf| jdlqv/ zlwkrxw kduplqj wkh zhoiduh ri wkh jryhuqphqw ri iruhljq frxqwu|
1 Dv d vlplodu dujxphqw dssolhv zkhq wkh ohqv lv xszdug gluhfwlrqdo/ zh frqfoxgh
wkdw hyhu| lqh!flhqw wdul yhfwru lv xqvwdeoh xqghu wkh uhflsurfdo pdunhw dffhvv
uxoh153 W k hu h f l s u r f d op d u n h wd f f h v vu x o hl vw k x vl qv r p hu h v s h f w vl g h d o =l wh q v x u h v
wkdw dq| lqlwldo h!flhqw djuhhphqw lv vwdeoh/ dqg dw wkh vdph wlph lw grhv qrw
hqfxpehu h!flhqf|0hqkdqflqj elodwhudo djuhhphqwv154
53 Li wkhuh lv qr ohqv +lq hlwkhu gluhfwlrq, iru hlwkhu elodwhudo uhodwlrqvkls/ wkhq +l,1 wkh jryhuq0
phqwv ri wkh krph frxqwu| dqg iruhljq frxqwu| l pd| lqfuhdvh ￿l dqg ￿￿l vr dv wr pdlqwdlq f Z￿l/
wkhuhe| fuhdwlqj d ￿uvw0rughu jdlq +vhfrqg0rughu orvv, iru f Z￿m +f Z,> dqg +ll,1 wkh jryhuqphqw
ri wkh krph frxqwu| pd| udlvh ￿m vr dv wr dfklhyh rq qhw qr ryhudoo fkdqjh lq f Z￿m/ wkhuhe|
fuhdwlqj d ￿uvw0rughu jdlq iru f Z dqg f Z￿l1 Wkhvh dgmxvwphqwv vdwlvi| wkh uhflsurfdo pdunhw
dffhvv uxoh dqg r￿hu ￿uvw0rughu jdlqv wr f Z dqg f Z￿l1
54Zkhq frxsohg zlwk d elqglqjv uhvwulfwlrq/ krzhyhu/ wkh uhflsurfdo pdunhw dffhvv uxoh grhv
qrw ghvwdelol}h doo lqh!flhqw duudqjhphqwv1 Iru h{dpsoh/ zkhq qhjrwldwlrqv duh uhvwulfwhg e|
wkh uhflsurfdo pdunhw dffhvv uxoh dqg d vwulfw elqglqjv uxoh/ doo wdul￿v lq DU duh vwdeoh1 Wklv lv
ehfdxvh wkh jryhuqphqw ri wkh krph frxqwu| lv suhyhqwhg xqghu vwulfw elqglqjv iurp hqwhulqj
lqwr d elodwhudo djuhhphqw dqg wkhq dgmxvwlqj ￿m wr suhvhuyh wkh zhoiduh ri wkh qrq0sduwlflsdwlqj
iruhljq jryhuqphqw1 Xqghu wkh uhflsurfdo pdunhw dffhvv uxoh dqg d zhdn elqglqjv uxoh/ lqh!flhqw
wdul￿ yhfwruv duh vwdeoh zkhq wkh| duh fkdudfwhul}hg e| dq xszdug gluhfwlrqdo ohqv1 Wkh zhdn
elqglqj uhvwulfwlrq wkhq suhfoxghv d zhoiduh0suhvhuylqj wdul￿ lqfuhdvh wkdw dssolhv wr wkh h{sruwv
58Qhyhuwkhohvv/ wkhuh duh lpsruwdqw sudfwlfdo sureohpv zlwk wkh uhflsurfdo pdu0
nhw dffhvv uxoh1 Sulpdu| dprqj wkhp lv wkdw wkh lpsohphqwdwlrq ri wklv uxoh
zrxog uhtxluh vrphwklqj dnlq wr pxowlodwhudo uhsuhvhqwdwlrq lq elodwhudo qhjrwl0
dwlrqv1 Wklv lv ehfdxvh/ zkhq qhjrwldwlqj d elodwhudo djuhhphqw ehwzhhq wkhp0
vhoyhv/ wkh jryhuqphqwv ri wkh krph frxqwu| dqg iruhljq frxqwu|  pxvw frqvlghu
wkh frqvhtxhqfhv ri wklv djuhhphqw iru wkh lpsruw dqg h{sruw yroxphv ri wkh qrq0
sduwlflsdwlqj iruhljq frxqwu| / dqg dq| qhjrwldwhg fkdqjhv lq ￿ dqg W￿ pxvw
eh dffrpsdqlhg e| srwhqwldoo| vxewoh fkdqjhv lq ￿ wr suhvhuyh h{lvwlqj pdunhw
dffhvv uhodwlrqv ehwzhhq wkh krph frxqwu| dqg iruhljq frxqwu| 155
Wkh pxowlodwhudol}dwlrq ri elodwhudo edujdlqv wkdw lv hhfwlyho| uhtxluhg e|
wkh uhflsurfdo pdunhw dffhvv uxoh lv qrw qhfhvvdulo| dq lqvxuprxqwdeoh sureohp1
Lqghhg/ wkrxjk JDWW grhv qrw frqwdlq dq h{solflw uhflsurfdo pdunhw dffhvv uxoh/
lw pd| eh dujxhg wkdw phpehu jryhuqphqwv fdq jdlq uhsuhvhqwdwlrq wr d elodwhudo
qhjrwldwlrq lpsolflwo| wkurxjk Duwlfoh [[LLL=4 +e,1 Xqghu wklv Duwlfoh/ d phpehu
jryhuqphqw lv hqwlwohg wr uhguhvv li lw fdq vkrz wkdw d JDWW ehqhw dffuxlqj
wr lw lv ehlqj qxoolhg ru lpsdluhg dv wkh uhvxow ri 111wkh dssolfdwlrq e| dqrwkhu
frqwudfwlqj sduw| ri dq| phdvxuh/ zkhwkhu ru qrw lw frq lfwv zlwk wkh surylvlrqv
ri wklv Djuhhphqw1111 Khqfh/ d jryhuqphqw pd| uhvruw wr olqj d qrq0ylrodwlrq
frpsodlqw li lw eholhyhv wkdw lwv lqwhuhvwv kdyh ehhq frpsurplvhg e| wkh +odzixo,
qhjrwldwlrqv ri rwkhuv/ dqg lq wklv zd| Duwlfoh [[LLL=4 +e, pljkw vhuyh dv dq
lpsolflw uhflsurfdo pdunhw dffhvv uxoh156 Krzhyhu/ zkloh vxfk frpsodlqwv pd|
surylgh d xvhixo vhfrqg olqh ri ghihqvh/ wkh| duh olnho| wr eh fxpehuvrph dv d
phdqv wr surylgh wkh sulpdu| dvvxudqfh wkdw pdunhw dffhvv uhodwlrqv lpsolhg
e| h{lvwlqj wdul frpplwphqwv zrq*w eh hurghg e| wdul frpplwphqwv pdgh dw
vrph srlqw lq wkh ixwxuh1 Lw lv wkhuhiruh lpsruwdqw wr vhdufk iru pruh sudfwlfdo
dowhuqdwlyhv wr dq h{solflw uhflsurfdo pdunhw dffhvv uxoh zklfk/ li dgrswhg dv uxohv
ri qhjrwldwlrq/ pljkw vxsso| wklv sulpdu| dvvxudqfh157
ri wkh qrq0sduwlflsdwlqj iruhljq frxqwu|1
55Lq wklv uhvshfw/ wkh uhflsurfdo pdunhw dffhvv uxoh vkduhv wkh vdph sureohpv wkdw duh riwhq
dwwulexwhg wr wkh Nhps0Zdq +4<:9, uxoh wkdw kdv ehhq sursrvhg iru wkh wuhdwphqw ri suhihuhqwldo
wudgh djuhhphqwv1
56Dowhuqdwlyho|/ d jryhuqphqw pljkw eh deoh wr rewdlq pxowlodwhudo uhsuhvhqwdwlrq gluhfwo|/
e| vhfxulqj d ￿wklug vhdw￿ dw dq hvvhqwldoo| elodwhudo edujdlqlqj wdeoh1 D jrrg h{dpsoh ri
wklv pd| eh irxqg lq Fdqdgd*v ghflvlrq wr sduwlflsdwh lq wkh XV0Ph{lfr IWD qhjrwldwlrqv/ d
ghflvlrq zklfk ohg wr wkh fuhdwlrq ri QDIWD1 Dv Fdqdgd douhdg| kdg d iuhh0wudgh sdfw zlwk
wkh Xqlwhg Vwdwhv dqg lv qrw d pdmru wudglqj sduwqhu zlwk Ph{lfr/ zh pd| lqwhusuhw Fdqdgd*v
sduwlflsdwlrq dv uh hfwlqj lwv ghvluh wr lq xhqfh wkh elodwhudo qhjrwldwlrq gluhfwo| dqg wkhuhe|
suhvhuyh lwv pdunhw dffhvv zlwk wkh Xqlwhg Vwdwhv1
57Lq idfw/ wkh eurdghu qrwlrq wkdw h{solflw JDWW uxohv duh lq sodfh wr vhuyh dv d sulpdu| jxdug
59Lq wklv uhjdug/ dq lqwuljxlqj fdqglgdwh uxoh e| zklfk wr vwdelol}h pdunhw dffhvv
uhodwlrqv djdlqvw hurvlrq lq ixwxuh qhjrwldwlrqv lv wkh PIQ uxoh1 Diwhu doo/ e|
uhtxlulqj wkdw ￿ ' ￿/ wkh uxoh ri PIQ lqwurgxfhv d gluhfw dqg uhdglo| yhuldeoh
olqn ehwzhhq wkh pdunhw dffhvv frqfhvvlrqv wkdw wkh krph jryhuqphqw rhuv wr
iruhljq frxqwu|  lq elodwhudo qhjrwldwlrqv ehwzhhq wkhp/ dqg wkh pdunhw dffhvv
frqfhvvlrqv wkdw wkh krph jryhuqphqw pxvw h{whqg dv zhoo wr iruhljq frxqwu| 1
Dqg lqwxlwlyho|/ wkh lpsolhg surplvh wr h{whqg wr  dq| ixwxuh wdul frqfhvvlrqv
qhjrwldwhg zlwk  z r x o gv h h pw rj rdo r q jz d |w r z d u gd v v x u l q j ri lwv h{lvwlqj
pdunhw dffhvv uhodwlrqv zlwk wkh krph frxqwu|/ wkhuhe| shukdsv uhsolfdwlqj wkh
hvvhqwldo ihdwxuh ri wkh uhflsurfdo pdunhw dffhvv uxoh1 Wkh vxffhvv ri wkh PIQ
uxoh lq shuiruplqj wklv ixqfwlrq lv wkh wrslf ri wkh qh{w vhfwlrq1
81 H!flhqw Wdulv dqg Qhjrwldwlrq Uxohv lq PIQ Hqylurq0
phqwv
Zh wxuq qrz wr wkh vlwxdwlrq lq zklfk erwk wkh lqlwldo wdulv dqg wkh wdulv dvvr0
fldwhg zlwk dq| ixwxuh elodwhudo qhjrwldwlrq pxvw frqirup wr wkh PIQ uxoh1 Zh
ehjlq e| uhsuhvhqwlqj wkh jryhuqphqw zhoiduh ixqfwlrqv iru wkh PIQ hqylurqphqw
lq uhgxfhg irup1
8141 Jryhuqphqw Suhihuhqfhv lq Uhgxfhg Irup
Zh uvw irupdoo| ghqh wkh uhvwulfwlrq ri PIQ=
Ghqlwlrq +PIQ Uxoh,= Wkh PIQ Uxoh lpsrvhv wkh ixuwkhu uhvwulfwlrq wkdw
- ' iE￿c2cW￿cW2 m ￿ ' 2  j
Qrwlfh wkdw wkh PIQ uxoh rshudwhv dw wzr ohyhov1 Iluvw/ zh frqvlghu rqo| lqlwldo
wdul yhfwruv wkdw frqirup zlwk wkh PIQ uhtxluhphqw1 Vhfrqg/ dq| ixwxuh elodw0
djdlqvw wkh hurvlrq ri frqfhvvlrqv/ dqg wkdw uhfrxuvh wr qrq0ylrodwlrq frpsodlqwv surylghv d
xvhixo exw vhfrqgdu| edfnxs surfhgxuh/ lv zhoo0uh hfwhg lq wkh zulwlqjv ri JDWW ohjdo vfkroduv1
Iru h{dpsoh/ Shwhuvpdqq +4<<:/ s1 469, revhuyhv wkdw ￿111wkh ixqfwlrq ri prvw JDWW uxohv
+vxfk dv Duwlfohv L0LLL dqg [L, lv wr hvwdeolvk frqglwlrqv ri frpshwlwlrq dqg wr surwhfw wudglqj
rssruwxqlwlhv111￿/ dqg wkhq frqfoxghv klv uhylhz ri wkh 47 glvsxwh vhwwohphqw uhsruwv h{dplqlqj
qrq0ylrodwlrq frpsodlqwv dv iroorzv= ￿111Wkhvh sdqho uhsruwv looxvwudwhg wkdw wkh qrq0ylrodwlrq
frpsodlqwv fdq vwuhqjwkhq wkh ixqfwlrq ri JDWW/ dv zhoo dv ri wkh ZWR/ dv d qhjrwldwlqj
iruxp e| r￿hulqj dgglwlrqdo vdihjxdugv djdlqvw wkh lpsdluphqw ri111pdunhw dffhvv frpplwphqwv
wkurxjk xqiruhvhhq vxevhtxhqw srolf| phdvxuhv wkdw duh qrw surklelwhg e| JDWW2ZWR odz1￿
+s1 4:4,1
5:hudo qhjrwldwlrq wkdw lv frqgxfwhg xqghu wkh PIQ uxoh lv dovr uhvwulfwhg wr lqfoxgh
rqo| PIQ wdulv +vlqfh o￿ pdsv wr vxevhwv ri -,1
Zkhq wkh krph jryhuqphqw lv uhvwulfwhg e| wkh PIQ uhtxluhphqw/ wkh wrwdo
qxpehu ri wdulv lv uhgxfhg wr wkuhh=   ￿ ' 2c W￿ dqg W2 Iru wklv vlw0
xdwlrq/ zh pd| ghqh wkh uhgxfhg0irup suhihuhqfhv iru jryhuqphqwv dv iroorzv=
i `EcW￿cW2  f `EccW￿cW2  `ERcA dqg i `W￿EcW￿cW2  f `W￿EccW￿cW2 
`W￿ERW￿c h R￿￿c zkhuh doo sulfhv dqg whupv ri wudgh duh hydoxdwhg dw wkhlu pdunhw0
fohdulqj ohyhov1 Uhfdoo iurp Vhfwlrq 5 wkdw/ xqghu wkh PIQ uhvwulfwlrq/ wkhuh zloo
qrz eh d vlqjoh zruog sulfh/ dqg vr zh dovr kdyh wkdw A ' h R￿￿  h R￿
Lq dqdorj| zlwk Dvvxpswlrq 5 iru glvfulplqdwru| wdul hqylurqphqwv/ zh qrz
dgg wr rxu edvlf uhvwulfwlrqv +Dvvxpswlrq 4, dq dgglwlrqdo dvvxpswlrq lq rughu
wr uhvwulfw dwwhqwlrq wr PIQ wdulv iru zklfk h{whuqdolwlhv fdq eh xqdpeljxrxvo|
vljqhg=
Dvvxpswlrq 5* +H{whuqdolwlhv= PIQ,= Zh uhvwulfw - wr lqfoxgh rqo| wdulv
iru zklfk/ iru c@4/5 dqg  9' =
+l,1 i `￿ : f dqg i `W￿
￿W￿ : f(
+ll,1 i `￿W￿ 	 f dqg i `W￿
￿ 	 f( dqg
+lll,1 i `W￿
￿W￿ : f
Wkxv/ zh frqvlghu qhjrwldwhg PIQ wdulv dw zklfk hdfk jryhuqphqw zrxog suhihu
wr xqlodwhudoo| udlvh lwv wdul/ hdfk jryhuqphqw h{shulhqfhv d zhoiduh uhgxfwlrq
zkhq lwv h{sruw jrrg lv frqiurqwhg zlwk d kljkhu wdul iurp d wudglqj sduwqhu/
dqg iruhljq jryhuqphqw  lv sohdvhg zkhq iruhljq jryhuqphqw  udlvhv lwv wdul
rq wkh h{sruwv ri wkh krph frxqwu|1 Dv ehiruh/ wkhvh dvvxpswlrqv duh frqvlvwhqw
zlwk wkh suhihuhqfhv zklfk jryhuqphqwv wdnh lqwr wudgh qhjrwldwlrqv/ dqg wkh
dvvxpswlrqv dgplw dq hfrqrplf lqwhusuhwdwlrq li jryhuqphqwv* suhihuhqfhv duh
vx!flhqwo| vhqvlwlyh wr wkh whupv0ri0wudgh lpsolfdwlrqv ri wudgh0srolf| fkrlfhv dw
doo wdul yhfwruv lq -1
8151 Fkdudfwhul}dwlrq ri PIQ0H!flhqw Wdulv
Rxu jrdo lv wr dvvhvv wkh vwdelolw| ri wdulv wkdw duh h!flhqw lq wkh PIQ hqylurq0
phqw1 Zh pxvw wkhuhiruh fkdudfwhul}h wkh vhw ri wdulv wkdw duh h!flhqw lq wkh
PIQ fodvv1 Wkh h!flhqw wdulv fkdudfwhul}hg lq wkh suhylrxv vhfwlrq iru zklfk
￿ ' 2 duh ri frxuvh dovr h!flhqw lq wkh PIQ fodvv/ exw d wdul yhfwru wkdw lv
h!flhqw lq wkh PIQ fodvv qhhg qrw eh h!flhqw lq wkh ixoo fodvv ri +glvfulplqdwru|,
5;wdul yhfwruv1 Irupdoo|/ dq PIQ0h!flhqw yhfwru ri wdulv/ E6cW￿
6 cW2
6 /p x v w
vroyh wkh iroorzlqj surjudp=










6 cs J o ' c2
Dv frpsduhg wr wkh fkdudfwhul}dwlrq ri h!flhqw wdulv zkhq glvfulplqdwlrq lv
doorzhg/ wkh odfn ri wzr lqghshqghqw krph0frxqwu| wdulv xqghu wkh uhvwulfwlrq
ri PIQ frpsolfdwhv vrphzkdw wkh fkdudfwhul}dwlrq ri wkh vhw ri PIQ0h!flhqw
wdulv1 Frqvhtxhqwo|/ zkloh zh frqwlqxh wr uho| khdylo| rq d vhulhv ri jxuhv wr
looxvwudwh wkh pdlq srlqwv/ zh surylgh d irupdo dqdo|vlv ri wklv surjudp lq wkh
Dsshqgl{1 Zh hvwdeolvk wkhuh wkdw=
Sursrvlwlrq 7 +PIQ0H!flhqw Wdulv,= Li E6cW￿
6 cW2
6  lv dq PIQ0h!flhqw
yhfwru ri wdulv/ wkhq zh pxvw kdyh wkdw hlwkhu=
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+lll,1 `R 'f c dqg




















Wr lqwhusuhw wklv sursrvlwlrq/ ohw xv uvw vxssrvh wkdw `R : f1 Lq wkh PIQ vhwwlqj/
wklv phdqv wkdw wkh jryhuqphqw ri wkh krph frxqwu| suhihuv d kljkhu orfdo uhodwlyh
sulfh dqg wkxv ohvv wudgh yroxph/ wdnlqj dv jlyhq wkh zruog sulfh1 Sursrvlwlrq
7 wkhq uhtxluhv wkdw `W￿
RW￿ : f iru hdfk  5i c2j/ zklfk lv wr vd| wkdw wkh
jryhuqphqw ri hdfk iruhljq frxqwu| suhihuv d kljkhu orfdo uhodwlyh sulfh dqg wkxv
juhdwhu wudgh yroxph/ wdnlqj dv jlyhq wkh zruog sulfh1 Wkh fdvhv lq zklfk `R 	 f
dqg `R 'ffdq eh lqwhusuhwhg vlploduo|1 Wkh hvvhqwldo frqwhqw ri wkh sursrvlwlrq
lv wkxv wkdw/ iru dq PIQ0h!flhqw yhfwru ri wdulv/ li wkh jryhuqphqw ri wkh krph
frxqwu| vhhnv ohvv +vhhnv juhdwhu, wudgh yroxph/ wkhq wkh jryhuqphqw ri hdfk
5<iruhljq frxqwu| vhhnv juhdwhu +vhhnv ohvv, wudgh yroxph/ zkloh li wkh jryhuqphqw ri
wkh krph frxqwu| dfklhyhv lwv suhihuuhg wudgh yroxph/ wkhq wkh jryhuqphqw ri dw
ohdvw rqh ri wkh iruhljq frxqwulhv pxvw dfklhyh lwv suhihuuhg wudgh yroxph dv zhoo1
Zk| lv wklv vrB Zh fdq xqghuvwdqg wkh hvvhqwldo orjlf zlwk uhihuhqfh wr wkh
looxvwudwlrqv lq Iljxuhv 6D/ E/ dqg F1 Zlwk  rq wkh yhuwlfdo d{lv dqg W￿ rq
wkh krul}rqwdo d{lv/ zh ghslfw lq wkhvh looxvwudwlrqv wkh lvr0zhoiduh fxuyhv ri wkh
jryhuqphqwv ri wkh krph frxqwu| dqg iruhljq frxqwu| 1W k h v hf x u y h vd u hx s z d u g
vorslqj xqghu Dvvxpswlrq 5*1 Ghslfwhg dv zhoo lv wkh fruuhvsrqglqj lvr0h R￿ orfxv1
Zkhq  dqg W￿ duh dgmxvwhg lq d idvklrq wkdw pdlqwdlqv wkh zruog sulfh/ wkh
zhoiduh ri wkh jryhuqphqw ri iruhljq frxqwu|  lv xqdowhuhg1 Lq rwkhu zrugv/ wkh
lvr0h R￿ orfxv uhsuhvhqwv wkh lvr0zhoiduh fxuyh ri wkh jryhuqphqw ri iruhljq frxqwu|
158 Wklv fxuyh lv dovr xszdug vorslqj xqghu Dvvxpswlrq 5*1
Frqvlghu qrz wkh uhodwlrqvkls ehwzhhq wkh vorsh ri wkh lvr0h R￿ orfxv dqg wkh
vorshv ri wkh lvr0zhoiduh fxuyhv iru wkh jryhuqphqwv ri wkh krph frxqwu| dqg
iruhljq frxqwu| 1W k h l v r 0 h R￿ orfxv lv vwhhshu wkdq wkh lvr0zhoiduh fxuyh ri wkh









Y￿W￿o1 Wkh uhodwlrqvkls ehwzhhq wkh vorsh ri wkh
lvr0h R￿ orfxv dqg wkdw ri wkh lvr0zhoiduh fxuyh ri wkh jryhuqphqw ri iruhljq frxq0
wu|  fdq eh fkdudfwhul}hg lq h{dfwo| dqdorjrxv idvklrq1 Ixuwkhupruh/ dv Iljxuh
6D vxjjhvwv/ wkh lvr0h R￿ orfxv lv vwhhshu wkdq wkh lvr0zhoiduh fxuyh ri wkh krph
jryhuqphqw li dqg rqo| li wkh jryhuqphqw ri wkh krph frxqwu| zrxog vhhn ohvv
wudgh/ zkhq wdnlqj dv jlyhq wkh zruog sulfh +fruuhvsrqglqj wr srlqw K,159 Jhq0
hudol}lqj wklv orjlf/ zh qg wkdw wkh lvr0zhoiduh fxuyh ri wkh jryhuqphqw ri wkh
krph frxqwu| lv  dwwhu wkdq +vwhhshu wkdq, +wdqjhqw wr, wkh lvr0h R￿ orfxv li dqg
rqo| li `R : f +`R 	 f,+ `R 'f ,1 Lq dqdorjrxv idvklrq/ zh pd| yhuli| wkdw wkh
lvr0zhoiduh fxuyh ri wkh jryhuqphqw ri iruhljq frxqwu|  lv  dwwhu wkdq +vwhhshu
58Wr frq￿up wklv/ revhuyh wkdw wkh vorsh ri wkh lvr0zhoiduh fxuyh ri wkh jryhuqphqw ri iruhljq
































59Irupdoo|/ wkh lvr0zhoiduh fxuyh ri wkh jryhuqphqw ri wkh krph frxqwu| lv  dwwhu wkdq wkh lvr0




C￿ ‘= Xqghu wkh dvvxpswlrqv ri rxu edvlf hfrqrplf
prgho dqg Dvvxpswlrq 5*/ zh pd| vwdwh wklv lqhtxdolw| lq htxlydohqw irup dv i Z￿￿l
Ch sz
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zklfk xqghu wkh dvvxpswlrqv ri wkh edvlf hfrqrplf prgho lv wuxh li dqg rqo| li Zs A 3=
63wkdq, +wdqjhqw wr, wkh lvr0h R￿ orfxv li dqg rqo| li `W￿
RW￿ : f +`W￿
RW￿ 	 f,+ `W￿
RW￿ 'f ,1
Ilqdoo|/ zh frqvlghu wkh uhodwlrqvkls ehwzhhq wkh vorshv ri wkh lvr0zhoiduh
fxuyhv iru wkh jryhuqphqwv ri wkh krph frxqwu| dqg iruhljq frxqwu| 1L q*W￿
vsdfh/ wkh krph lvr0zhoiduh fxuyh lv vwhhshu li dqg rqo| li di `￿W￿*i `￿o : di `W￿
￿W￿*i `W￿
￿ o/
ru htxlydohqwo| di `￿*i `￿W￿o : di `W￿
￿ *i `W￿
￿W￿o1 Wkxv/ sduw +l, ri Sursrvlwlrq 7/ iru h{dp0
soh/ ghvfulehv d vlwxdwlrq lq zklfk wkh lvr0h R￿ orfxv lv vwhhshu wkdq wkh lvr0zhoiduh
fxuyhv ri wkh jryhuqphqwv ri wkh krph frxqwu| dqg iruhljq frxqwu| /d q gw k h
lvr0zhoiduh fxuyh ri wkh jryhuqphqw ri wkh krph frxqwu| lv vwhhshu wkdq wkdw ri
wkh jryhuqphqw ri iruhljq frxqwu| 1
Zlwk wkhvh uhodwlrqvklsv lq sodfh/ zh qrz frqvlghu Iljxuh 6D1 Wklv jxuh
looxvwudwhv wkh fdvh lq zklfk `R : f1 Wkh jryhuqphqw ri wkh krph frxqwu| vhhnv
ohvv wudgh yroxph/ jlyhq wkh zruog sulfh/ zlwk lwv suhihuuhg rxwfrph iru wkh jlyhq
zruog sulfh rffxuulqj dw wkh srlqw ri wdqjhqf| K1 Sursrvlwlrq 7 wkhq lpsolhv
wkdw wkh jryhuqphqw ri iruhljq frxqwu|  vhhnv pruh wudgh yroxph jlyhq wkh zruog
sulfh/ dqg wklv lv dovr uh hfwhg lq Iljxuh 6D1 Ilqdoo|/ Sursrvlwlrq 7 ixuwkhu uhtxluhv
wkdw wkh lvr0zhoiduh fxuyh iru wkh jryhuqphqw ri iruhljq frxqwu|  lv  dwwhu wkdq
wkdw ri wkh jryhuqphqw ri wkh krph frxqwu|/ dqg dv d frqvhtxhqfh Iljxuh 6D
ghslfwv d ohqv wkdw olhv ehorz wkh lqlwldo wdulv1 Iljxuh 6E suhvhqwv wkh fdvh zkhuh
`R 	 f1 Khuh/ wkh krph0frxqwu| jryhuqphqw vhhnv pruh wudgh yroxph dw wkh jlyhq
zruog sulfh/ zlwk lwv suhihuuhg rxwfrph iru wkh jlyhq zruog sulfh rffxuulqj dw wkh
srlqw ri wdqjhqf| odehoohg O1 Sursrvlwlrq 7 wkhq lpsolhv wkdw wkh jryhuqphqw ri
iruhljq frxqwu|  vhhnv ohvv wudgh yroxph dw wkh jlyhq zruog sulfh/ dv Iljxuh 6E
lqglfdwhv1 Ilqdoo|/ Sursrvlwlrq 7 lqglfdwhv dv zhoo wkdw wkh lvr0zhoiduh fxuyh iru
wkh jryhuqphqw ri iruhljq frxqwu|  lv qrz wkh vwhhshvw/ dqg vr Iljxuh 6E ghslfwv
d ohqv wkdw olhv deryh wkh lqlwldo wdulv1
Wkh uhpdlqlqj fdvh/ lq zklfk `R 'f / lv uhsuhvhqwhg lq Iljxuh 6F1 Wkh krph0
frxqwu| jryhuqphqw dfklhyhv lwv suhihuuhg wudgh yroxph jlyhq wkh zruog sulfh/
dqg Sursrvlwlrq 7 uhtxluhv wkdw dw ohdvw rqh iruhljq jryhuqphqw dovr dfklhyh lwv
suhihuuhg wudgh yroxph1 Wkh wkuhh sdqhov ri Iljxuh 6F ghslfw wkh wkuhh srvvlelolwlhv
iru wkh uhpdlqlqj iruhljq jryhuqphqw15: Wkh erwwrp sdqho ri Iljxuh 6F ghslfwv
5:Dv wkh sdqhov uhyhdo/ lw lv srvvleoh wkdw dq PIQ0h!flhqw wdul￿ yhfwru lv fkdudfwhul}hg e|
rqh elodwhudo uhodwlrqvkls wkdw lv ghvfulehg e| d wdqjhqf| dqg dqrwkhu elodwhudo uhodwlrqvkls
wkdw lv ghvfulehg e| d ohqv1 Dowhuqdwlyh wdul￿ duudqjhphqwv fdq wkhq eh frqvwuxfwhg wkdw r￿hu
d ￿uvw0rughu jdlq wr wkh zhoiduh ri wkh ￿qr0wdqjhqf|￿ iruhljq jryhuqphqw/ zkloh lpsrvlqj rqo|
vhfrqg0rughu orvvhv xsrq wkh zhoiduh ri wkh rwkhu wzr jryhuqphqwv1 Jlyhq wkh uhvwulfwlrq wr PIQ
wdul￿v/ krzhyhu/ wkhuh duh lqvx!flhqw lqvwuxphqwv wr frpshqvdwh erwk wkh krph jryhuqphqw dqg
wkh ￿wdqjhqf|￿ iruhljq jryhuqphqw iru wkhlu vhfrqg0rughu orvvhv/ dqg vr wkh qhz duudqjhphqw
grhv qrw Sduhwr grplqdwh wkh ruljlqdo duudqjhphqw1
64wkh fdvh lq zklfk doo jryhuqphqwv duh frqwhqw zlwk wkh wudgh yroxphv dfklhyhg
d ww k hj l y h qz r u o gs u l f h v 1 W k h u hl vw k x vq ro h q vl qw k l vf d v h 1 W k hw d u l  vw k d w
vxssruw vxfk dq duudqjhphqw duh ri vshfldo lqwhuhvw/ dv wkh| fruuhvsrqg wr wkh
wdulv wkdw jryhuqphqwv zrxog fkrrvh zhuh wkh| wr ljqruh dq| whupv0ri0wudgh
hhfwv ri wkhlu wdul fkrlfhv1 Ixuwkhu/ lq wkh vshfldo fdvh lq zklfk jryhuqphqwv
pd{lpl}h qdwlrqdo lqfrph/ wkhvh wdulv fruuhvsrqg wr pxowlodwhudo iuhh wudgh1 Lq
Edjzhoo dqg Vwdljhu +iruwkfrplqj,/ zh lqwhusuhw wkhvh wdulv lq juhdwhu ghwdlo/ dqg
zh uhihu wr wkh PIQ0wdul yhfwru dw zklfk hdfk jryhuqphqw dfklhyhv lwv suhihuuhg
wudgh yroxph jlyhq wkh zruog sulfh dv wkh PIQ srolwlfdoo| rswlpdo wdulv1 Zh
iroorz wkdw frqyhqwlrq khuh dv zhoo1
8161 Wkh Vwdelolw| ri PIQ0H!flhqw Wdulv
Zh qrz frqvlghu wkh vwdelolw| ri dq lqlwldo yhfwru ri h!flhqw wdulv lq wkh suhvhqfh
ri wkh PIQ uhtxluhphqw1 Dq lpphgldwh revhuydwlrq lv wkdw wkhuh lv qr ulvn ri
elodwhudo rssruwxqlvp li wdulv duh uhtxluhg wr frqirup wr wkh PIQ uxoh dqg
elqglqjv duh vwulfw= lq wklv fdvh/ wkh krph jryhuqphqw fdqqrw dowhu lwv wdul lq
vxevhtxhqw elodwhudo qhjrwldwlrqv/ dqg vr doo wdul yhfwruv lq - duh vwdeoh1 Wkh
pruh lqwhuhvwlqj txhvwlrq lv zkhwkhu d elodwhudo rssruwxqlvp sureohp dulvhv zkhq
elqglqjv duh zhdn/ ru zkhq wkhuh duh qr elqglqjv1 Wklv txhvwlrq pd| eh dqvzhuhg
zlwk uhihuhqfh wr Iljxuhv 6D/ 6E/ dqg 6F1
Frqvlghu uvw Iljxuh 6D1 Lq wklv fdvh/ wkh PIQ0h!flhqw wdul yhfwru fdqqrw
eh vwdeoh/ vr orqj dv elqglqjv duh qrw vwulfw/ dv wkh krph jryhuqphqw dqg wkh
jryhuqphqw ri iruhljq frxqwu|  fdq qhjrwldwh d ixuwkhu uhgxfwlrq lq  dqg W￿
zklfk |lhogv d Sduhwr jdlq iru wkhp +l1h1/ pryhv wkhp lqwr wkh ohqv lq Iljxuh 6D,
dw wkh h{shqvh ri wkh jryhuqphqw ri iruhljq frxqwu| / zkr vxhuv d uhgxfwlrq
lq h R￿ +d whupv0ri0wudgh ghfolqh,1 Khqfh/ iru PIQ0h!flhqw wdul yhfwruv vdwlvi|lqj
`R : f/ wkhuh lv d elodwhudo rssruwxqlvp sureohp zlwk ru zlwkrxw +zhdn, elqglqjv1
Wklv fdvh lv ri vrph vshfldo lqwhuhvw1 Qrwlfh lq sduwlfxodu wkdw wkh jryhuqphqw
ri iruhljq frxqwu|  lv kduphg/ hyhq wkrxjk lw grhv qrw dowhu lwv rzq wdul dqg
uhfhlyhv d qrq0glvfulplqdwru| wdul uhgxfwlrq iurp wkh krph frxqwu|1 Wr xqghu0
vwdqg/ uhfdoo wkdw lq wklv fdvh wkh jryhuqphqwv ri wkh iruhljq frxqwulhv hdfk ghvluh
juhdwhu wudgh/ zkloh wkh jryhuqphqw ri wkh krph frxqwu| grhv qrw1 Wkh jryhuq0
phqw ri wkh krph frxqwu|/ krzhyhu/ zloo dffhsw d juhdwhu elodwhudo wudgh yroxph
li wklv frphv zlwk dq lpsuryhg whupv ri wudgh1 Lq d elodwhudo qhjrwldwlrq/ wklv fdq
eh dffrpsolvkhg li wkh jryhuqphqw ri iruhljq frxqwu|  uhgxfhv lwv wdul pruh
wkdq grhv wkh jryhuqphqw ri wkh krph frxqwu| +fruuhvsrqglqj wr d pryh lqwr wkh
65ohqv lq Iljxuh 6D,1 Wklv h{sdqvlrq lq elodwhudo wudgh yroxph ehwzhhq wkh krph
frxqwu| dqg iruhljq frxqwu| / krzhyhu/ pd| furzg rxw wudgh yroxph ehwzhhq
wkh krph frxqwu| dqg iruhljq frxqwu| 15; Lq wkh hqg/ wkhuhiruh/ wkh jryhuqphqw
ri iruhljq frxqwu|  h{shulhqfhv d whupv ri wudgh orvv dqg dovr d srvvleoh uhgxfwlrq
lq wudgh yroxph1 Lwv zhoiduh wkxv idoov/ ghvslwh wkh idfw wkdw lwv h{sruwv frqiurqw
d orzhu krph0frxqwu| wdul1
Frqvlghu qh{w Iljxuh 6E1 Khuh wkh jryhuqphqw ri wkh krph frxqwu| vhhnv
pruh wudgh yroxph/ zkloh wkh jryhuqphqw ri hdfk iruhljq frxqwu| vhhnv ohvv wudgh
yroxph1 Lq wklv fdvh/ wkh jryhuqphqw ri wkh krph frxqwu| zloo dffhsw ohvv elodwhudo
wudgh yroxph dv sduw ri d elodwhudo wudgh djuhhphqw/ li wkh yroxph uhgxfwlrq frphv
zlwk dq lpsuryhg whupv ri wudgh iru wkh krph frxqwu|1 Wklv zloo eh wkh fdvh/ li wkh
krph frxqwu|*v wdul lqfuhdvhv pruh wkdq grhv wkdw ri iruhljq frxqwu| 1D vd
frqvhtxhqfh ri wklv elodwhudo pdqhxyhu/ iruhljq frxqwu|  h{shulhqfhv erwk d whupv
ri wudgh orvv dqg d srvvleoh xqghvluhg lqfuhdvh lq lwv wudgh yroxph1 Lq wklv zd|/
wkh xszdug ohqv uhsuhvhqwv d jdlq wkdw wkh jryhuqphqwv ri wkh krph frxqwu| dqg
iruhljq frxqwu|  pd| hqmr| dw wkh h{shqvh ri wkh jryhuqphqw ri iruhljq frxqwu|
1 Lq wkh devhqfh ri elqglqjv/ wkhuhiruh/ wklv wdul yhfwru lv xqvwdeoh1 Rq wkh
rwkhu kdqg/ zlwk zhdn elqglqjv/  fdqqrw eh lqfuhdvhg/ dqg khqfh zhdn elqglqjv
hqvxuhv wkh vwdelolw| ri wklv wdul yhfwru1 Khqfh/ iru PIQ0h!flhqw wdul yhfwruv
vdwlvi|lqj `R 	 f/ wkhuh lv d elodwhudo rssruwxqlvp sureohp li dqg rqo| li elqglqjv
duh devhqw1
Ilqdoo|/ frqvlghu Iljxuh 6F1 Lq wklv fdvh/ `R 'f / dqg h!flhqf| wkhq uhtxluhv
dv zhoo wkdw `W￿
RW￿ 'firu vrph  ' ic2j/ exw qrw qhfhvvdulo| iru erwk iruhljq
frxqwulhv1 Wkh wrs sdqho ri wkh jxuh ghslfwv wkh fdvh lq zklfk `
W￿
RW￿ : f1W k h
jryhuqphqwv ri wkh krph frxqwu| dqg iruhljq frxqwu|  wkhq idfh flufxpvwdqfhv
dqdorjrxv wr wkrvh ri wkh krph frxqwu| dqg iruhljq frxqwu|  lq Iljxuh 6D/ dqg
wkxv wkhuh lv d elodwhudo rssruwxqlvp sureohp zlwk ru zlwkrxw +zhdn, elqglqjv1
Wkh plggoh sdqho ri Iljxuh 6F ghslfwv wkh fdvh lq zklfk `
W￿
RW￿ 	 fc dqg khuh
wkh jryhuqphqwv ri wkh krph frxqwu| dqg iruhljq frxqwu|  idfh flufxpvwdqfhv
dqdorjrxv wr wkrvh ri wkh krph frxqwu| dqg iruhljq frxqwu|  lq Iljxuh 6E1 Frqvh0
txhqwo|/ wkhuh lv wkhq d elodwhudo rssruwxqlvp sureohp li dqg rqo| li elqglqjv duh
devhqw1 Ilqdoo|/ wkh erwwrp sdqho ri Iljxuh 6F ghslfwv wkh fdvh lq zklfk `
W￿
RW￿ 'f 
Wklv lv wkh fdvh ri PIQ srolwlfdoo| rswlpdo wdulv1 Dv wkh erwwrp sdqho ri Iljxuh
6F pdnhv fohdu/ wkh PIQ srolwlfdoo| rswlpdo wdul yhfwru h{klelwv qr ohqv/ dqg
5;Wkh h{sruw yroxph iurp iruhljq frxqwu| m idoov li wkh uhgxfwlrq lq grphvwlf surgxfwlrq lq wklv
frxqwu| lv qrw ryhuzkhophg e| wkh uhgxfwlrq lq grphvwlf frqvxpswlrq wkdw wkh whupv0ri0wudgh
orvv lpsolhv1
66khqfh lw lv vwdeoh zkhwkhu ru qrw +zhdn, elqglqjv duh lpsrvhg1 Khqfh/ iru PIQ
srolwlfdoo| rswlpdo wdulv/ wkhuh lv qr elodwhudo rssruwxqlvp sureohp/ uhjdugohvv
ri wkh qdwxuh ri elqglqjv1
Zh pd| qrz vwdwh=
Sursrvlwlrq 8 +Vwdelolw| dqg wkh PIQ Uxoh,=
+D,1 Xqghu wkh PIQ Uxoh/ dq PIQ0h!flhqw wdul yhfwru lq - lv vwdeoh li dqg
rqo| li lw lv srolwlfdoo| rswlpdo1
+E,1 Xqghu zhdn elqglqjv dqg wkh PIQ Uxoh/ dq PIQ0h!flhqw wdul yhfwru lq
- lv vwdeoh li dqg rqo| li= +l, `R 	 f( ru +ll, `R 'fdqg `W￿
RW￿  f iru hyhu|
 ' ic2j
Dv Sursrvlwlrq 8 lqglfdwhv/ wkh PIQ uxoh rhuv d sduwldo vroxwlrq wr wkh sureohp
dvvrfldwhg zlwk elodwhudo rssruwxqlvp1 Lq wkh devhqfh ri elqglqjv/ wkh PIQ
uxoh vwdelol}hv rqo| rqh PIQ0h!flhqw wdul yhfwru> dqg zkhq mrlqhg zlwk d zhdn
elqglqjv uhvwulfwlrq/ wklv uxoh vwdelol}hv d vxevhw ri PIQ0h!flhqw wdul yhfwruv
+qdpho|/ wkrvh lq zklfk wkh jryhuqphqw ri wkh krph frxqwu| vhhnv pruh wudgh
yroxph dw {hg zruog sulfhv,1 Dv d jhqhudo pdwwhu/ wkhq/ li wkh zhoiduh ri qrq0
sduwlflsdwlqj jryhuqphqwv lv wr eh surwhfwhg/ wkh uxohv ri elodwhudo qhjrwldwlrq
pxvw eh vwuhqjwkhqhg eh|rqg wkh PIQ +soxv elqglqjv, uhtxluhphqw1
8171 PIQ dqg wkh Uhflsurflw| Uxoh
Lw lv lqvwuxfwlyh dw wklv srlqw wr uhfdoo wkh hvvhqwldo ihdwxuh ri wkh uhflsurfdo pdunhw
dffhvv uxoh/ dqg wr dvvhvv zk| PIQ idlov wr surwhfw wkh zhoiduh ri qrq0sduwlflsdwlqj
jryhuqphqwv wr wkh vdph ghjuhh1 Xqghu wkh uhflsurfdo pdunhw dffhvv uxoh/ wkh
zhoiduh ri wkh jryhuqphqw ri iruhljq frxqwu|  lv xqdhfwhg e| dq| elodwhudo qh0
jrwldwlrq ehwzhhq wkh krph jryhuqphqw dqg wkh jryhuqphqw ri iruhljq frxqwu| 
ehfdxvh h R￿￿ lv xqdowhuhg1 Wkh uhvwulfwlrq ri PIQ hqvxuhv wkdw h R￿￿ ' h R￿￿  h R￿/
exw lw grhv qrw jxdudqwhh wkdw h R￿ lv suhvhuyhg dv d uhvxow ri d elodwhudo qhjrwl0
dwlrq ehwzhhq wkh jryhuqphqwv ri wkh krph frxqwu| dqg iruhljq frxqw| /d q g
wkxv lw fdqqrw jxdudqwhh wkh zhoiduh ri wkh jryhuqphqw ri iruhljq frxqwu| 1W k l v
vxjjhvwv wkdw/ lq wkh suhvhqfh ri PIQ/ zkdw lv qhhghg wr uhsolfdwh wkh hvvhqwldo
ihdwxuh ri wkh uhflsurfdo pdunhw dffhvv uxoh lv dq dgglwlrqdo uxoh zklfk vhuyhv wr
vwdelol}h h R￿1 Dv zh qrz hvwdeolvk/ JDWW*v uxoh ri uhflsurflw| fdq vhuyh mxvw vxfk
ds x u s r v h 1
Dv zh kdyh revhuyhg lq Edjzhoo dqg Vwdljhu +iruwkfrplqj,/ wkh JDWW uxoh
ri uhflsurflw| fdq eh qdwxudoo| ghqhg dv d uhvwulfwlrq xqghu zklfk jryhuqphqwv
67frqvlghu wdul dgmxvwphqwv wkdw jhqhudwh htxdo fkdqjhv lq lpsruw dqg h{sruw yro0
xphv iru hdfk qhjrwldwlqj sduwqhu zkhq ydoxhg dw h{lvwlqj zruog sulfhv15< Dq
lpsruwdqw lpsolfdwlrq ri wdul fkdqjhv wkdw frqirup wr uhflsurflw| lv wkdw wkhvh
fkdqjhv lpso| {hg zruog sulfhv ehwzhhq qhjrwldwlqj sduwqhuv1 Khqfh/ lq d glv0
fulplqdwru| hqylurqphqw/ li wkh krph jryhuqphqw dqg iruhljq jryhuqphqw  zhuh
frqvwudlqhg lq d elodwhudo qhjrwldwlrq wr frqvlghu wdul fkrlfhv wkdw frqirup wr
uhflsurflw|/ wkhq wkhlu qhjrwldwlrqv zrxog eh ryhu wdul frpelqdwlrqv wkdw suh0
vhuyh wkh zruog sulfh h R￿￿163 Lq glvfulplqdwru| hqylurqphqwv/ wkhuhiruh/ uhflsurflw|
lv fohduo| glvwlqfw iurp wkh uhflsurfdo pdunhw dffhvv uxoh/ vlqfh wkh iruphu {hv
h R￿￿ zkhuhdv wkh odwwhu {hv h R￿￿1 Exw zkhq uhflsurflw| lv mrlqhg zlwk wkh PIQ
uhvwulfwlrq/ wkh hhfwv ri uhflsurflw| duh pxowlodwhudol}hg/ vr wkdw h R￿￿ ' h R￿￿  h R￿
lv wkhq dovr suhvhuyhg1 Lw lv wkhuhiruh qrw vxusulvlqj wkdw/ zkhq jryhuqphqwv duh
khog wr PIQ wdulv/ uhflsurflw| zrunv mxvw olnh wkh uhflsurfdo pdunhw dffhvv uxoh
lq dgguhvvlqj wkh sureohp ri elodwhudo rssruwxqlvp1
Wr vwdwh wklv irupdoo|/ zh uvw ghqh wkh wdqghp uhvwulfwlrqv ri PIQ dqg
uhflsurflw| zlwk wkh iroorzlqj dgglwlrqdo uhvwulfwlrqv=
Ghqlwlrq +PIQ dqg Uhflsurflw| Uxohv,= Wkh PIQ dqg Uhflsurflw| Uxohv
wrjhwkhu lpsrvh wkh ixuwkhu uhvwulfwlrqv wkdw - ' iE￿c2cW￿cW2 m ￿ ' 2 
j/d q g iru @4/5/ li Eh ch ch 
W￿c h 




Lq dqdorj| zlwk wkh uhflsurfdo pdunhw dffhvv uxoh/ zh pd| qrz vwdwh wkh surshuwlhv
ri uhflsurflw| lq wkh suhvhqfh ri PIQ=
Sursrvlwlrq 9 +Vwdelolw| xqghu wkh PIQ dqg Uhflsurflw| Uxohv,= Xqghu
wkh PIQ dqg Uhflsurflw| Uxohv/ hyhu| PIQ0h!flhqw wdul yhfwru lq - lv vwdeoh1
Wkh irupdo fruuhvsrqghqfh ehwzhhq wkh uhflsurfdo pdunhw dffhvv uxoh dqg wkh
frpelqhg uxohv ri uhflsurflw| dqg PIQ pd| eh vhhq e| frpsdulqj Sursrvlwlrqv
5<Uhflsurflw| dulvhv lq JDWW erwk dv d qrup lq wudgh olehudol}dwlrq qhjrwldwlrqv dqg dv dq
h{solflw uxoh zkhq elqglqjv duh uhqhjrwldwhg wr kljkhu ohyhov1 Zh glvfxvv ixuwkhu wkh uroh ri
uhflsurflw| lq JDWW lq rxu iruwkfrplqj sdshu1
63Wr vhh wklv/ zh pd| revhuyh wkdw dq htxdo fkdqjh lq wkh yroxph lpsruwhg iurp wkh krph
frxqwu| e| iruhljq frxqwu| l +l1h1/ P￿l
| +s￿l> h szl,, dqg wkh yroxph h{sruwhg wr wkh krph frxqwu|
e| iruhljq frxqwu| l +l1h1/ H￿l
{ +s￿l> h szl,/ jlyhq pdunhw fohdulqj dqg ydoxhg dw wkh h{lvwlqj zruog
sulfh/ h szl, pxvw iurp wkh edodqfhg wudgh frqglwlrq +516, suhvhuyh wkh zruog sulfh ehwzhhq wkhvh
wudglqj sduwqhuv +l1h1/ h szl,1
686 dqg 91 Sursrvlwlrq 9 uhvwulfwv frqvlghudwlrq wr PIQ0h!flhqw wdulv/ exw dvlgh
iurp wklv lw lv lghqwlfdo wr Sursrvlwlrq 61
Zh pd| wkxv frqfoxgh wkdw wkh uxohv ri uhflsurflw| dqg PIQ pd| eh ylhzhg
dv zrunlqj lq wdqghp wr plplf wkh hhfwv ri wkh uhflsurfdo pdunhw dffhvv uxoh
dqg wkhuhe| vhuyh wr vwdelol}h dq| h!flhqw lqlwldo wdul yhfwru1 Zkloh wkh uhfls0
urfdo pdunhw dffhvv uxoh hqvxuhv wkdw doo h!flhqw wdul yhfwruv duh vwdeoh zlwk0
rxw uhvwulfwlqj wkh lqvwuxphqwv dw wkh glvsrvdo ri jryhuqphqwv/ lw grhv ghpdqg
vrphwklqj dnlq wr pxowlodwhudo uhsuhvhqwdwlrq lq elodwhudo qhjrwldwlrqv1 Wklv uh0
txluhphqw lv dyrlghg zlwk wkh frpelqdwlrq ri uhflsurflw| dqg PIQ/ doehlw dw wkh
frvw ri uhvwulfwlqj wkh dydlodeoh vhw ri jryhuqphqw srolf| lqvwuxphqwv1 Lq hhfw/
wkh PIQ uhvwulfwlrq vhuyhv dv d vlpsoh phdqv e| zklfk wr pxowlodwhudol}h elodw0
hudo qhjrwldwlrqv/ dqg uhflsurflw| wkhq hqvxuhv wkdw wkh pxowlodwhudo suhvhqfh vr
dfklhyhg lv mxvw vx!flhqw wr vroyh wkh sureohp ri elodwhudo rssruwxqlvp164
91 Dq Looxvwudwlyh Wzr0Vwdjh Qhjrwldwlrq Jdph
Lq wklv vhfwlrq zh ghvfuleh d vlpsoh wzr0vwdjh pxowlodwhudo qhjrwldwlrq jdph zlwk
zklfk wr hydoxdwh pruh ixoo| wkh qhjrwldwlrq uxohv ghyhorshg deryh1 Zh srvlw
wkdw wkh uvw vwdjh lqyroyhv d pxowlodwhudo wdul qhjrwldwlrq dprqj wkh wkuhh jry0
huqphqwv/ zkloh lq wkh vhfrqg vwdjh wkh krph jryhuqphqw pd| fkrrvh d zloolqj
sduwqhu iru d ixuwkhu elodwhudo wdul qhjrwldwlrq1 Wkh wdulv lpsohphqwhg e| wkh
wkuhh frxqwulhv duh wkrvh wkdw uhvxow iurp wklv wzr0vwdjh surfhvv/ dqg zh h{soruh
wkh frqvhtxhqfhv ri glhuhqw qhjrwldwlrq uxohv iru wkh rxwfrph ri wkh wzr0vwdjh
qhjrwldwlrq jdph1
Zh ehjlq e| ghvfulelqj wkh wzr0vwdjh pxowlodwhudo qhjrwldwlrq jdph1 Zh vxs0
srvh wkdw/ lq wkh uvw vwdjh/ wkh jryhuqphqwv ri wkh wkuhh frxqwulhv edujdlq ryhu
wdulv/ dqg dq lqlwldo wdul yhfwru E￿c2cW￿cW2 lq - lv ghwhuplqhg1 Wkhq/ lq
wkh vhfrqg vwdjh/ wkh krph jryhuqphqw fkrrvhv d iruhljq jryhuqphqw zlwk zklfk
wr hqjdjh lq dq dgglwlrqdo urxqg ri elodwhudo qhjrwldwlrqv1 Zh dvvxph wkdw wkh
rxwfrph ri wkh elodwhudo qhjrwldwlrq lv ghwhuplqhg e| wkh Qdvk Edujdlqlqj Vrox0
64Lw lv dovr lqwhuhvwlqj wr revhuyh wkh uroh sod|hg e| elqglqjv1 Zkhq wkh uxohv ri qhjrwldwlrq
duh vx!flhqwo| ghyhorshg vr wkdw wkh zhoiduh ri qrq0sduwlflsdwlqj jryhuqphqwv lv suhvhuyhg lq
dq| elodwhudo qhjrwldwlrq/ wkhq elqglqjv sod| qr xvhixo uroh1 Krzhyhu/ li wkh uxohv idoo vkruw
ri vhfxulqj wkh zhoiduh ri qrq0sduwlflsdwlqj jryhuqphqwv/ dv iru h{dpsoh lq wkh fdvh ri PIQ
zlwkrxw uhflsurflw|/ wkhq elqglqjv fdq sod| d xvhixo uroh/ lq wkdw wkh| fdq suhyhqw jryhuqphqwv
iurp rssruwxqlvwlfdoo| udlvlqj wdul￿v rq wudglqj sduwqhuv lq ixwxuh elodwhudo qhjrwldwlrqv iurp
zklfk wkhvh wudglqj sduwqhuv duh h{foxghg1
69wlrq/ dv dssolhg wr d elodwhudo edujdlqlqj hqylurqphqw lq zklfk +l,1 glvdjuhhphqw
uhvxowv lq wkh vhohfwlrq ri wkh vwdwxv txr +l1h1/ uvw0vwdjh, wdul yhfwru/ dqg +ll,1
wkh ihdvleoh vhw ri qhjrwldwhg wdulv lv ghqhg e| wkh edvlf uhvwulfwlrqv dqg dq|





W2 wkdw uhvxowv iurp wkh elodwhudo qhjrwldwlrq lv wkhq wkh rxwfrph ri
wkh wzr0vwdjh qhjrwldwlrq jdph1 Lq wklv zd|/ vhfrqg0vwdjh qhjrwldwlrqv ghwhuplqh
dq rxwfrph rqfh uvw0vwdjh wdulv duh jlyhq1 Zh wkxv vd| wkdw d wdul yhfwru lv
dwwdlqdeoh li lw fdq eh dfklhyhg dv dq rxwfrph iru vrph uvw0vwdjh wdul yhfwru1 Iru
iruzdug0orrnlqj +dqg sdwlhqw, jryhuqphqwv/ zh pd| wkxv vlpsoli| dqg uhsuhvhqw
wkh uvw0vwdjh edujdlq e| wkh pxowlodwhudo Qdvk Edujdlqlqj Vroxwlrq/ dv gluhfwo|
dssolhg wr wkh vhw ri dwwdlqdeoh wdul yhfwruv165
Frqvlghu qrz wkh qdwxuh ri wkh edujdlqlqj rxwfrphv xqghu wkh vshflf qhjr0
wldwlrq uxohv lqwurgxfhg deryh1 Ohw xv h{dplqh uvw wkh dwwdlqdeoh wdul yhfwruv
xqghu wkh elqglqjv uhvwulfwlrq1 Li wkh uvw0vwdjh qhjrwldwlrqv |lhog d wdul yhfwru
wkdw uhvwv rq wkh h!flhqf| iurqwlhu/ dv fkdudfwhul}hg lq Sursrvlwlrq 4/ wkhq e|
Sursrvlwlrq 5 wklv wdul yhfwru zloo eh ghvwdelol}hg e| d ixuwkhu elodwhudo qhjr0
wldwlrq ehwzhhq wkh krph jryhuqphqw dqg rqh ri lwv iruhljq wudglqj sduwqhuv lq
vwdjh 51 Ixuwkhu/ wklv vwdjh05 elodwhudo zloo ohdyh wkh krph jryhuqphqw dqg lwv el0
odwhudo qhjrwldwlrq sduwqhu dw d wdqjhqf|/ zklfk lv lqfrqvlvwhqw zlwk pxowlodwhudo
h!flhqf| dffruglqj wr Sursrvlwlrq 41 Dq dqdorjrxv dujxphqw frqupv wkdw wkh
h!flhqf| iurqwlhu fdqqrw eh uhdfkhg e| qhjrwldwlqj lq wkh uvw vwdjh wr d srlqw
r wkh iurqwlhu1 Frqvhtxhqwo|/ zkhq elqglqjv dorqh duh dgghg wr wkh edvlf qhjr0
wldwlrq uhvwulfwlrqv/ qr h!flhqw wdul yhfwru lv dwwdlqdeoh/ dqg vr rxu wzr0vwdjh
qhjrwldwlrq jdph pxvw |lhog dq lqh!flhqw wdul yhfwru1
Li lqvwhdg wkh uhflsurfdo pdunhw dffhvv uxoh lv lpsrvhg/ wkhq vhfrqg0vwdjh qh0
jrwldwlrqv pxvw suhvhuyh wkh uhflsurfdo pdunhw dffhvv uhodwlrqv ehwzhhq wkh krph
jryhuqphqw dqg wkh qrq0sduwlflsdwlqj iruhljq jryhuqphqw/ dqg e| Sursrvlwlrq 6
lw iroorzv wkdw dq| h!flhqw wdul yhfwru qhjrwldwhg lq vwdjh 4 zloo qrw eh dowhuhg
wkurxjk d elodwhudo qhjrwldwlrq lq vwdjh 51 Frqvhtxhqwo|/ wkh hqwluh h!flhqf|
iurqwlhu lv dwwdlqdeoh xqghu wkh uhflsurfdo pdunhw dffhvv uxoh/ dqg rxu wzr0vwdjh
qhjrwldwlrq jdph pxvw |lhog dq h!flhqw wdul yhfwru zkhq wklv uxoh lv lq sodfh1
Ilqdoo|/ vxssrvh wkdw wkh wdqghp uxohv ri PIQ dqg uhflsurflw| duh lpsrvhg1
Qrz wkh krph jryhuqphqw lv uhvwulfwhg wr PIQ wdul vhohfwlrqv lq erwk wkh uvw0
65Iru wkh srlqwv wkdw zh pdnh ehorz/ lw lv qrw qhfhvvdu| wr vshfli| wkh glvdjuhhphqw srlqw
wkdw lv dvvrfldwhg zlwk wkh ￿uvw0vwdjh edujdlqlqj surfhvv1 Rqh srvvlelolw| zrxog eh wkh vwdwxv
txr wdul￿v iurp d suhfhglqj dqg xqprghohg urxqg1 Qrwh dv zhoo wkdw zh gr qrw uhvwulfw wkh
￿uvw0vwdjh wdul￿v wr ehdu vrph uhodwlrqvkls +h1j1/ wkurxjk ul, wr dq| suhfhglqj wdul￿ duudqjhphqw1
6:dqg vhfrqg0vwdjh qhjrwldwlrqv/ zkloh vhfrqg0vwdjh qhjrwldwlrqv pxvw frqirup wr
uhflsurflw|1 Exw wkhq Sursrvlwlrq 9 lpsolhv wkdw dq| PIQ0h!flhqw wdul yhfwru
qhjrwldwhg lq vwdjh 4 zloo qrw eh dowhuhg wkurxjk d elodwhudo qhjrwldwlrq lq vwdjh 51
Frqvhtxhqwo|/ wkh hqwluh PIQ0h!flhqf| iurqwlhu lv dwwdlqdeoh xqghu wkh PIQ dqg
uhflsurflw| uxohv/ dqg rxu wzr0vwdjh qhjrwldwlrq jdph pxvw |lhog dq h!flhqw wdul
yhfwru zlwklq wkh fodvv ri PIQ wdulv zkhq wkhvh uxohv duh lpsrvhg lq wdqghp1
Zh pd| qrz vwdwh=
Sursrvlwlrq := Lq wkh Wzr0Vwdjh Pxowlodwhudo Qhjrwldwlrq Jdph/ jryhuqphqwv
zloo vhohfw lqh!flhqw wdulv zkhq elqglqjv dorqh duh dgghg wr wkh edvlf qhjrwld0
wlrq uhvwulfwlrqv frqwdlqhg lq Dvvxpswlrq 4/ exw wkh| zloo vhohfw h!flhqw wdulv
zkhq wkh edvlf qhjrwldwlrq uhvwulfwlrqv duh vwuhqjwkhqhg wr lqfoxgh wkh uhflsurfdo
pdunhw dffhvv uxoh/ dqg wkh| zloo vhohfw wdulv wkdw duh h!flhqw zlwklq wkh fodvv
ri PIQ wdulv zkhq wkh edvlf qhjrwldwlrq uhvwulfwlrqv duh vwuhqjwkhqhg wr lqfoxgh
wkh wdqghp uxohv ri PIQ dqg uhflsurflw|1
Dv Sursrvlwlrq : irupdol}hv/ wkh elodwhudo rssruwxqlvp sureohp wkdw zh kdyh
kljkoljkwhg lq suhylrxv vhfwlrqv fdq ohdg qdwxudoo| wr lqh!flhqw edujdlqlqj rxw0
frphv/ dqg wkh uhflsurfdo pdunhw dffhvv uxoh dqg wkh wdqghp uxohv ri PIQ dqg
uhflsurflw| fdq hdfk eh ylhzhg dv surylglqj d vroxwlrq wr wklv sureohp1
:1 Pdq| Jrrgv
Zh qrz eulh | frqvlghu wkh h{whqvlrq ri rxu dqdo|vlv wr d pdq|0jrrg vhwwlqj1 Iru
rxu sxusrvhv/ wkh qryho ihdwxuh ri wklv vhwwlqj lv wkdw wkhuh duh pdq| uhodwlyh zruog
sulfhv hyhq zkhq PIQ lv lpsrvhg +l1h1/ xqghu PIQ/ wkhuh duh ? uhodwlyh zruog
s u l f h vl qd q?0jrrg zruog,1 Lq wklv vhfwlrq/ zh eulh | h{soruh wkh lpsolfdwlrqv ri
wklv qhz ihdwxuh1
Wr pdnh rxu srlqwv dv vlpso| dv srvvleoh/ zh uhvwulfw rxu dwwhqwlrq wr PIQ
hqylurqphqwv dqg frqvlghu wkh dgglwlrq ri d wklug jrrg 5 wr wkh wzr0jrrg wkuhh0
frxqwu| prgho dqdo|}hg deryh1 Zh vxssrvh wkdw/ olnh jrrg +/j r r g5 lv h{sruwhg
e| wkh krph frxqwu| wr hdfk ri lwv wzr iruhljq wudglqj sduwqhuv1 Iru wkh krph
frxqwu|/ wkhuh duh qrz wzr orfdo uhodwlyh sulfhv/ R￿  R%*R+ dqg R2  R5*R+>







+ 1 Orfdo uhodwlyh sulfhv iru iruhljq






+ iru  @4 / 5 1
E| Ohuqhu*v v|pphwu| wkhruhp/ zh pd| uhsuhvhqw wkh krph0frxqwu| wdul srolf|
6;zlwk wkh dg ydoruhp wudgh wd{hv |% dqg |5/z l w k|5 : f +|5 	 f, ghqrwlqj dq h{sruw
vxevlg| +wd{,1 Ohwwlqj %  E n |% dqg 5  E n |5/zh pd| wkhq uhsuhvhqw
krph orfdo sulfhv lq whupv ri zruog sulfhv dqg wdulv= R￿ ' %R￿
￿  R￿E%cR ￿
￿  dqg
R2 ' 5R￿
2  R2E5cR ￿
2  Vlploduo|/ iru iruhljq frxqwu| / zh uhsuhvhqw wdul srolf|
zlwk wkh dg ydoruhp wudgh wd{hv |W￿
% dqg |W￿
5 iru  @ 4/5/ zlwk |W￿
% : f +|W￿
% 	 f,
ghqrwlqj dq h{sruw vxevlg|1 Zlwk W￿
%  En|W￿
%  dqg W￿
5  En|W￿













2  iru  @ 4/51 Dv wkhvh
h{suhvvlrqv lqglfdwh/ orfdo sulfhv duh ghwhuplqhg/ rqfh wdulv dqg zruog sulfhv duh
jlyhq1
Dv lq rxu wzr0jrrg prgho/ hdfk frxqwu|*v surgxfwlrq/ frqvxpswlrq/ lpsruw
d q gh { s r u wt x d q w l w l h vd u hg h w h u p l q h g /r q f hw d u l  vd q gz r u o gs u l f h v+ d q gk h q f h
orfdo sulfhv, duh jlyhq1 Xqghu d vhw ri wdulv vdwlvi|lqj PIQ/ wkh edodqfhg0wudgh





















































2 /  ' c2
+:15,
















































Dv ehiruh/ pdunhw fohdulqj lq wkh + pdunhw lv dvvxuhg e| +:14,/ +:15, dqg +:16,1
Vxppdul}lqj/ zlwk wkhlu vhohfwlrqv ri wdulv/ jryhuqphqwv ghwhuplqh wkh htxlole0
ulxp zruog sulfhv/ dqg wklv lq wxuq lpsolhv wkh htxloleulxp ydoxhv iru doo orfdo
sulfhv dqg txdqwlwlhv1
Ilqdoo|/ zh h{whqg rxu uhsuhvhqwdwlrq ri jryhuqphqw suhihuhqfhv wr wkh wkuhh0
jrrg fdvh1 Xqghu PIQ/ wklv uhsuhvhqwdwlrq wdnhv wkh irup ri `ER￿cR 2c h R￿
￿ c h R￿
2  iru
wkh krph jryhuqphqw dqg `W￿ERW￿
￿ cR W￿
2 c h R￿
￿ c h R￿
2  iru iruhljq jryhuqphqw @4 / 5 1D v
lq rxu wzr0jrrg prgho/ zh vxssrvh wkdw/ zlwk orfdo sulfhv khog {hg/ hdfk jryhuq0
phqw vwulfwo| suhihuv dq lpsuryhphqw lq lwv whupv ri wudgh= `R￿
￿ ER￿cR 2c h R￿
￿ c h R￿
2  	 f>
`R￿
2 ER￿cR 2c h R￿
￿ c h R￿




2 c h R￿
￿ c h R￿




2 c h R￿
￿ c h R￿
2  	 f iru
 @4 / 5  Lq dgglwlrq/ zh qrz dvvxph wkdw wkhvh zruog sulfh pryhphqwv duh ydoxhg
6<e| jryhuqphqwv iru wkhlu prqhwdu| lpsolfdwlrqv dorqh1 Zlwk wklv dgglwlrqdo vwuxf0
wxuh/ zh uxoh rxw wkh srvvlelolw| wkdw d jryhuqphqw pljkw fduh derxw wkh ohyho ri
d sduwlfxodu zruog sulfh iru uhdvrqv +h1j1/ qdwlrqdo vwdwxv, wkdw duh lqghshqghqw
ri lwv uhyhqxh frqvhtxhqfhv1
Zh duh qrz uhdg| wr hvwdeolvk wkuhh uhvxowv1 Zh ehjlq e| vkrzlqj wkdw uhfl0
surflw| lq frpelqdwlrq zlwk PIQ frqwlqxhv wr holplqdwh wkh rssruwxqlwlhv iru
wzr frxqwulhv wr ghvwdelol}h dq PIQ0h!flhqw pxowlodwhudo wudgh djuhhphqw iru
whupv0ri0wudgh dgydqwdjhv1 Lq wkh wzr0jrrg fdvh/ wklv iroorzhg gluhfwo| iurp wkh
revhuydwlrq wkdw/ lq wkh suhvhqfh ri PIQ/ uhflsurflw| {hv h R￿ Zlwk pruh wkdq
wzr jrrgv/ lqglylgxdo zruog sulfhv pd| fkdqjh hyhq zkhq uhflsurflw| lv vdwlvhg1
Krzhyhu/ zh qrz hvwdeolvk wkdw wkh shuplvvleoh fkdqjhv lq zruog sulfhv wkdw uhvxow
iurp wkh qhjrwldwlrqv fdq kdyh qr gluhfw zhoiduh frqvhtxhqfhv iru wkh qhjrwldwlqj
jryhuqphqwv1
Wr vhh wklv/ vxssrvh wkdw wkh jryhuqphqwv ri wkh krph frxqwu| dqg iruhljq
frxqwu|  zhuh wr frqvlghu ixuwkhu qhjrwldwlrqv vwduwlqj iurp d vhw ri PIQ0h!flhqw
wdulv iru wkh wkuhh jryhuqphqwv1 Ghqrwlqj e|  *  wkh qhz pdjqlwxghv wr zklfk
wkhvh jryhuqphqwv qhjrwldwh/ uhflsurflw| lpsrvhv wkh iroorzlqj uhvwulfwlrqv rq wkh
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Xwlol}lqj wkh edodqfhg0wudgh frqglwlrqv wkdw pxvw krog ehiruh dqg diwhu wkh elodw0
hudo qhjrwldwlrqv/ wkh uhflsurflw| uhvwulfwlrqv fdq eh uhzulwwhq dv=
dh R
￿￿
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%  dh R
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5 'f  +:1:,
Fohduo| wkhvh frqglwlrqv duh phw zkhq erwk h R￿
￿ dqg h R￿
2 duh xqfkdqjhg dv d uhvxow
ri wkh elodwhudo qhjrwldwlrqv1 Wkhvh frqglwlrqv pd| dovr eh vdwlvhg zkhq erwk
h R￿
￿ dqg h R￿
2 duh fkdqjhg dv d uhvxow ri wkh elodwhudo qhjrwldwlrqv/ exw doo ri wkh shu0
plvvleoh zruog sulfh fkdqjhv vkduh d vshfldo ihdwxuh1 Vshflfdoo|/ +:19, dqg +:1:,
lpso| wkdw/ lq frpelqdwlrq zlwk wkh qhz orfdo sulfhv/ wkh qhz zruog sulfhv pxvw
gholyhu wkh vdph wdul uhyhqxh wr hdfk qhjrwldwlqj frxqwu| dv zrxog kdyh ehhq
73gholyhuhg li wkhvh qhz orfdo sulfhv kdg ehhq frpelqhg zlwk wkh rog zruog sulfhv166
Dv d frqvhtxhqfh/ wkh shuplvvleoh fkdqjhv lq zruog sulfhv wkdw uhvxow iurp elodw0
hudo qhjrwldwlrqv xqghu uhflsurflw| fdq kdyh qr gluhfw zhoiduh frqvhtxhqfhv iru
wkh qhjrwldwlqj jryhuqphqwv1 Lq wklv zd|/ uhflsurflw| dqg PIQ frqwlqxh wr holp0
lqdwh wkh rssruwxqlwlhv iru frxqwulhv wr ghvwdelol}h dq PIQ0h!flhqw pxowlodwhudo
wudgh djuhhphqw iru whupv0ri0wudgh dgydqwdjhv lq d pdq|0jrrg zruog/ mxvw dv wkhvh
wdqghp uxohv glg lq wkh wzr0jrrg fdvh1
Zh qrz frph wr wkh vhfrqg uhvxow ri wklv vhfwlrq= zlwk pdq| jrrgv/ wkhuh
dulvhv dq dgglwlrqdo sureohp ri elodwhudo rssruwxqlvp1 Wklv qhz sureohp ri elodw0
hudo rssruwxqlvp lv frqfhswxdoo| glvwlqfw iurp wkh whupv0ri0wudgh sureohp/ dqg
lw lv uhodwhg lqvwhdg wr wkh ghvluh wr dfklhyh pxwxdoo| dgydqwdjhrxv fkdqjhv lq
orfdo sulfhv wkurxjk d elodwhudo qhjrwldwlrq1 Wkh srlqw lv vlpso| wkdw/ zkloh wkh
shuplvvleoh fkdqjhv lq zruog sulfhv wkdw uhvxow iurp elodwhudo qhjrwldwlrqv xqghu
uhflsurflw| fdq kdyh qr gluhfw zhoiduh frqvhtxhqfhv iru wkh qhjrwldwlqj jryhuq0
phqwv/ wkhvh zruog sulfh fkdqjhv pd| qhyhuwkhohvv kdyh lqgluhfw zhoiduh hhfwv
wkurxjk wkh orfdo0sulfh pryhphqwv wkdw wkh| pdnh srvvleoh1 Lw lv wkhuhiruh frq0
fhlydeoh wkdw/ vwduwlqj iurp d vhw ri PIQ0h!flhqw wdulv iru doo wkuhh jryhuqphqwv/
wkh krph jryhuqphqw dqg wkdw ri iruhljq frxqwu|  frxog xqghuwdnh elodwhudo qhjr0
wldwlrqv wr orzhu wkhlu wdulv lq dffrugdqfh zlwk PIQ dqg vxemhfw wr uhflsurflw|
lq d zd| wkdw |lhoghg pxwxdoo| ehqhfldo fkdqjhv lq orfdo sulfhv/ ri frxuvh dw
wkh h{shqvh ri iruhljq frxqwu| 167 Dv d frqvhtxhqfh/ hyhq zkloh PIQ dqg uhfl0
surflw| frqwlqxh wr vroyh wkh whupv0ri0wudgh sureohp ri elodwhudo rssruwxqlvp lq
d pdq|0jrrg zruog/ wkhuh duh qrz dgglwlrqdo orfdo0sulfh dgydqwdjhv wkdw fdq lq
sulqflsoh whpsw frxqwulhv lqwr ghvwdelol}lqj elodwhudo qhjrwldwlrqv1
Rxu wklug uhvxow lv wr hvwdeolvk wkdw/ xqghu PIQ dqg uhflsurflw|/ wkh uhpdlq0
lqj rssruwxqlwlhv iru ghvwdelol}lqj elodwhudo qhjrwldwlrqv lq d pdq|0jrrg zruog
duh uhodwlyho| olplwhg/ lq wkh vhqvh wkdw wkh| dulvh rqo| dw fhuwdlq srlqwv rq wkh
h!flhqf| iurqwlhu1 Wr vhh wklv/ qrwh wkdw/ ehjlqqlqj iurp dq| vhw ri PIQ0h!flhqw




5, lqvlgh wkh ￿uvw +vhfrqg, eudfnhw ri
+:19,/ dqg dgglqj dqg vxewudfwlqj s￿l3
4 + s￿l3
5 , lqvlgh wkh ￿uvw +vhfrqg, eudfnhw ri +:1:,/ dqg wkhq
uhduudqjlqj wkhvh h{suhvvlrqv1
67Iru h{dpsoh/ vxssrvh wkdw/ rzlqj wr wkh edujdlqlqj srzhu ri iruhljq frxqwu| m/ wkh jry0
huqphqw ri iruhljq frxqwu| l kdg idlohg wkurxjk pxowlodwhudo qhjrwldwlrqv wr vhfxuh d pl{ ri
lpsruwv iurp wkh krph frxqwu| zklfk zhuh wlowhg dzd| iurp rqh ri lwv prvw srolwlfdoo| vhqvl0
wlyh vhfwruv1 Lq wklv fdvh/ wkh jryhuqphqw ri iruhljq frxqwu| l pljkw/ wkurxjk ixuwkhu elodwhudo
qhjrwldwlrqv zlwk wkh krph jryhuqphqw/ eh deoh wr ￿zruvhq￿ wkh pl{ ri lpsruwv wkdw iruhljq
frxqwu| m uhfhlyhv/ dqg wkhuhe| dfklhyh d pruh idyrudeoh lpsruw pl{ iru lwvhoi zkloh vwloo vdwlvi|lqj
uhflsurflw|1
74wdulv/ d qhfhvvdu| frqglwlrq iru wkh krph jryhuqphqw dqg wkdw ri iruhljq frxqwu|
 wr jdlq iurp d elodwhudo djuhhphqw lv wkdw zruog sulfhv gr lq idfw fkdqjh dv d uh0
vxow ri wkhlu qhjrwldwlrqv +vlqfh rwkhuzlvh qr zhoiduh lv dssursuldwhg iurp iruhljq
frxqwu| ,1 Lq wklv fdvh/ wkh wzr uhvwulfwlrqv +:19, dqg +:1:, lpsolhg e| uhflsurflw|














Khqfh/ zkhqhyhu uhflsurflw| lv vdwlvhg dqg zruog sulfhv dovr fkdqjh/ zh pd|
uhsuhvhqw wkh uhvwulfwlrq ri uhflsurflw| dv frqwdlqhg lq +:19, dqg +:1:, e| wkh
htxlydohqw frqglwlrqv +:19, dqg +:1;,1
Frqglwlrq +:1;, lv looxplqdwlqj1 Lw vd|v wkdw/ li wkh krph jryhuqphqw dqg wkdw
ri iruhljq frxqwu|  vxffhhg lq dowhulqj zruog sulfhv lq d uhflsurflw|0frqvlvwhqw
idvklrq dv d uhvxow ri wkhlu elodwhudo qhjrwldwlrq/ wkhq wkhlu uhvxowlqj wudgh sdwwhuqv
pxvw vdwlvi| d sursruwlrqdolw| frqglwlrq/ vr wkdw wkh iudfwlrq ri krph0frxqwu|
h{sruwv ri jrrg + dqg ri jrrg 5 zklfk iruhljq frxqwu|  dffhswv lv wkh vdph dv
wkh iudfwlrq ri krph0frxqwu| lpsruwv ri jrrg % zklfk iruhljq frxqwu|  vxssolhv1
Wklv frqglwlrq zrxog eh vdwlvhg dxwrpdwlfdoo| lq htxloleulxp lq d wzr0frxqwu|
zruog +zkhuh hdfk iudfwlrq zrxog eh rqh,168 Exw zlwk wkuhh ru pruh frxqwulhv/
frqglwlrq +:1;, lpsrvhv dq dgglwlrqdo uhvwulfwlrq +eh|rqg +:19,, rq wkh orfdo0sulfh
frpelqdwlrqv wkdw duh dwwdlqdeoh zkhq elodwhudo qhjrwldwlrqv dowhu zruog sulfhv
exw vwloo vdwlvi| uhflsurflw|1
Zkhwkhu wkh ihdvleoh frpelqdwlrqv ri orfdo sulfhv frqvlvwhqw zlwk +:19, dqg
+:1;, fdq surylgh pxwxdo zhoiduh lpsuryhphqwv iru wkh wzr jryhuqphqwv zloo gh0
shqg rq flufxpvwdqfhv1 Iru h{dpsoh/ li frxqwulhv kdg qhjrwldwhg wr d srlqw rq
wkh h!flhqf| iurqwlhu dw zklfk wkh sursruwlrqdolw| frqglwlrq lpsolhg e| +:1;, zdv
lqlwldoo| vdwlvhg/ wkhq wkh uhvwulfwlrq wkdw wklv frqglwlrq pxvw dovr eh vdwlvhg
diwhu elodwhudo qhjrwldwlrqv zklfk dowhu zruog sulfhv pljkw qrw eh vr vhyhuh/ dqg
d ghvwdelol}lqj elodwhudo qhjrwldwlrq pljkw zhoo eh ihdvleoh xqghu PIQ dqg uhfl0
surflw|1 Exw li wkh srlqw rq wkh h!flhqf| iurqwlhu wr zklfk frxqwulhv kdg lqlwldoo|
qhjrwldwhg lpsolhg wudglqj sdwwhuqv wkdw zhuh vx!flhqwo| idu dzd| iurp vdwlvi|lqj
wkh uhvwulfwlrq lq +:1;,/ wkhq wklv uhtxluhphqw lv olnho| wr vhyhuho| xqghuplqh wkh
dwwudfwlyhqhvv ri ixuwkhu elodwhudo qhjrwldwlrqv1 Lq vxfk flufxpvwdqfhv/ wkhuh lv
xqolnho| wr eh d vhulrxv sureohp ri elodwhudo rssruwxqlvp li wkh uxohv ri PIQ dqg
uhflsurflw| duh dssolhg1
68Dv pd| eh frq￿uphg e| lqvshfwlrq/ lq d wzr0frxqwu| zruog +:19, dqg +:1:, froodsvh wr d
vlqjoh frqglwlrq dv zhoo1
75Khqfh/ lq surylglqj d vroxwlrq wr wkh whupv0ri0wudgh0gulyhq elodwhudo rssru0
wxqlvp sureohp/ wkh wdqghp uxohv ri PIQ dqg uhflsurflw| fdq eh ylhzhg dv
vroylqj wkh prvw shuydvlyh sureohp dvvrfldwhg zlwk elodwhudo rssruwxqlvp lq d
pdq|0jrrg hqylurqphqw1 Pruh vshfxodwlyho|/ zh uhwxuq wr rxu glvfxvvlrq dw wkh
hqg ri Vhfwlrq 7 dqg qrwh wkdw/ ehfdxvh wkh rssruwxqlwlhv iru elodwhudo rssru0
wxqlvp wkdw uhpdlq lq wkh suhvhqfh ri PIQ dqg uhflsurflw| duh idluo| olplwhg/
wkh| pljkw eh dghtxdwho| kdqgohg e| wkh delolw| ri wklug0frxqwulhv wr oh qrq0
ylrodwlrq frpsodlqwv ri qxoolfdwlrq dqg lpsdluphqw xqghu Duwlfoh [[LLL=4 +e,1
;1 Frqfoxvlrq
Wudgh qhjrwldwlrqv rffxu ryhu wlph ehwzhhq pdq| jryhuqphqwv1 Jlyhq wkh rq0
jrlqj qdwxuh ri vxfk qhjrwldwlrqv/ d jryhuqphqw pd| qdwxudoo| ihdu wkdw wkh h{whqw
ri pdunhw dffhvv wkdw lw kdv vhfxuhg lq d fxuuhqw qhjrwldwlrq pd| eh glplqlvkhg lq
d ixwxuh qhjrwldwlrq wr zklfk lw lv qrw sduw|1 Lqghhg/ li d jryhuqphqw uhfrjql}hv
wkh srwhqwldo iru dq rssruwxqlvwlf elodwhudo qhjrwldwlrq lq wkh ixwxuh/ wkhq lw
pd| eh xqzloolqj wr rhu vljqlfdqw frqfhvvlrqv lq d fxuuhqw qhjrwldwlrq1 Dv
wklv glvfxvvlrq vxjjhvwv/ wkh ghjuhh wr zklfk wkh uxohv ri d pxowlodwhudo wudglqj
v|vwhp surwhfw wkurxjk wlph wkh ydoxh ri frqfhvvlrqv lv ri fhqwudo lpsruwdqfh wr
wkh ixqfwlrqlqj ri wkh v|vwhp1
Lq wklv sdshu/ zh rhu d irupdo dqdo|vlv wkdw fkdudfwhul}hv wkh vfrsh iru rs0
sruwxqlvwlf elodwhudo qhjrwldwlrqv xqghu glhuhqw qhjrwldwlrq uxohv1 Zrunlqj zlwk
d wkuhh0frxqwu| jhqhudo0htxloleulxp prgho/ zh ehjlq e| vkrzlqj wkdw wkh rssru0
wxqlvp sureohp lv srwhqwldoo| vhyhuh= lq wkh devhqfh ri uxohv wkdw jryhuq wkh
qdwxuh ri elodwhudo qhjrwldwlrqv/ hyhu| lqlwldo h!flhqw djuhhphqw lv yxoqhudeoh wr
d ixwxuh elodwhudo qhjrwldwlrq wkdw ehqhwv wkh lqyroyhg sduwlhv dw wkh h{shqvh ri
wkh qrq0sduwlflsdqw1 Zh qh{w lghqwli| d uhflsurfdo pdunhw dffhvv uxoh/ xqghu
zklfk qr lqlwldo h!flhqw djuhhphqw lv yxoqhudeoh wr d ixwxuh elodwhudo djuhhphqw1
Zkloh wklv uxoh kdv ghvludeoh wkhruhwlfdo surshuwlhv/ lw dovr kdv sudfwlfdo olplwd0
wlrqv1 Zh wkxv frqvlghu qh{w ydulrxv qhjrwldwlrq uxohv wkdw duh surplqhqw lq
JDWW glvfxvvlrq dqg sudfwlfh1 Rxu pdlq qglqj lv wkdw wkh wdqghp uxohv ri
uhflsurflw| dqg qrq0glvfulplqdwlrq +PIQ, hhfwlyho| plplf wkh uhflsurfdo pdu0
nhw dffhvv uxoh= li wkh ixwxuh elodwhudo qhjrwldwlrq lv frqvwudlqhg e| wkh uxohv ri
uhflsurflw| dqg PIQ/ wkhq wkh elodwhudo qhjrwldwlrq fdqqrw dowhu wkh zhoiduh ri
wkh qrq0sduwlflsdwlqj jryhuqphqw1 Dv d frqvhtxhqfh/ qr lqlwldo djuhhphqw wkdw
lv h!flhqw zlwklq wkh PIQ fodvv lv yxoqhudeoh wr d ixwxuh elodwhudo qhjrwldwlrq/
zkhq wkh elodwhudo qhjrwldwlrq lv uhtxluhg wr uhvshfw wkhvh uxohv1
76Rxu uhvxowv vxjjhvw wkdw uhflsurflw|/ zklfk lv riwhq pdoljqhg dv d phufdq0
wlolvw glvwudfwlrq/ pd| lq idfw vhuyh d xvhixo uroh lq wudgh qhjrwldwlrqv zkhq h{hu0
flvhg lq wkh suhvhqfh ri qrq0glvfulplqdwlrq1 Dw wkh vdph wlph/ suhihuhqwldo wdul
djuhhphqwv/ zklfk duh shuplwwhg xqghu wkh vshfldo h{fhswlrq wr PIQ judqwhg e|
JDWW*v Duwlfoh [[LY/ uhsuhvhqw d olnho| urxwh wr rssruwxqlvwlf elodwhudo qhjrwld0
wlrqv/ hvshfldoo| zkhq uhflsurflw| dqg PIQ zrxog rwkhuzlvh frpelqh wr suhyhqw
vxfk rssruwxqlvp1 Lq wklv oljkw/ suhihuhqwldo wdul djuhhphqwv pd| suhvhqw d
qdwxudo dqg dssursuldwh wdujhw iru qrq0ylrodwlrq qxoolfdwlrq0dqg0lpsdluphqw
frpsodlqwv/ dqg wkh delolw| wr eulqj vxfk frpsodlqwv wkurxjk Duwlfoh [[LLL pd|
lq wxuq sod| dq lpsruwdqw uroh lq glplqlvklqj wkh dwwudfwlyhqhvv ri suhihuhqwldo
djuhhphqwv dv d urxwh wr elodwhudo rssruwxqlvp1
Ilqdoo|/ zkloh zh kdyh hpskdvl}hg wkh surshuwlhv ri uhflsurflw| lq dq PIQ
hqylurqphqw zlwk uhjdug wr wkh sureohp ri elodwhudo rssruwxqlvp/ wkh idfw wkdw
wkh zhoiduh ri qrq0sduwlflsdwlqj jryhuqphqwv lv suhvhuyhg xqghu wkhvh uxohv kdv d
 ls vlgh dv zhoo= zkhq frpelqhg zlwk uhflsurflw|/ wkh iuhh0ulghu sureohp riwhq
dvvrfldwhg zlwk PIQ grhv qrw dulvh1 D irupdo dqdo|vlv ri wkh iuhh0ulghu sureohp
uhtxluhv d prgho ri wkh ghflvlrq ri zkhwkhu ru qrw wr sduwlflsdwh lq qhjrwldwlrqv1
Zh ohdyh wkhvh dqg rwkhu wdvnv iru ixwxuh zrun1
<1 Uhihuhqfhv
Edjzhoo/ N|oh dqg Vwdljhu/ Urehuw Z1/ Dq Hfrqrplf Wkhru| ri JDWW/ Dphu0
lfdq Hfrqrplf Uhylhz/ iruwkfrplqj1
Edogzlq/ Ulfkdug H1/ Srolwlfdoo| Uhdolvwlf Remhfwlyh Ixqfwlrqv dqg Wudgh Srolf|/
Hfrqrplfv Ohwwhuv/ 57 +4,/ 4<;:/ ss1 5;:05<31
Edogzlq/ Urehuw H1/ Wkh Srolwlfdo Hfrqrp| ri X1V1 Lpsruw Srolf|1F d p 0
eulgjh/ PD= Wkh PLW Suhvv/4<;81
Ehuqkhlp/ E1 G1/ E1 Shohj dqg P1 Zklqvwrq/ Frdolwlrq Surri Qdvk Htxloleuld/
L= Frqfhswv/ Mrxuqdo ri Hfrqrplf Wkhru|/ 75/ 4<;:/ ss1 40451
Eurfn/ Zlooldp D1 dqg Pdjhh/ Vwhskhq S1/ Wkh Hfrqrplfv ri Vshfldo Lqwhuhvw
Srolwlfv/ Dphulfdq Hfrqrplf Uhylhz/ Pd| 4<:;/ 9; +5,/ ss1 57905831
Fdsolq/ D1 dqg N1 Nulvkqd/ Wdulv dqg wkh Prvw0Idyruhg0Qdwlrq Fodxvh= D
Jdph Wkhruhwlf Dssurdfk/ Vhrxo Mrxuqdo ri Hfrqrplfv/ 4/ +4<;;,/
ss1 59:05;<1
Fdyhv/ Ulfkdug H1/ Hfrqrplf Prghov ri Srolwlfdo Fkrlfh= Fdqdgd*v Wdul Vwuxf0
wxuh/ Fdqdgldq Mrxuqdo ri Hfrqrplfv/ Pd| 4<:9/ < +5,/ ss1 5:;06331
Gl{lw/ Dylqdvk/ Jurvvpdq/ Jhqh P1 dqg Hokdqdq Khospdq/ Frpprq Djhqf|
77dqg Frruglqdwlrq= Jhqhudo Wkhru| dqg Dssolfdwlrq wr Jryhuqphqw Sro0
lf| Pdnlqj/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ Dxjxvw 4<<:/ 438 +7,/ ss1
:850:9<1
Hwklhu/ Zloiuhg M1/ Uhflsurflw|/ Qrqglvfulplqdwlrq/ dqg d Pxowlodwhudo Zruog/
xqsxeolvkhg plphr/ Wkh Xqlyhuvlw| ri Shqqv|oydqld/ Rfwrehu 48/ 4<<;1
Ilqgod|/ Urqdog dqg Zhoolv}/ Vwdqlvodz/ Hqgrjhqrxv Wdulv/ wkh Srolwlfdo Hfrq0
rp| ri Wudgh Uhvwulfwlrqv dqg Zhoiduh/ lq Mdjglvk Ekdjzdwl +hg1,/ Lp0
sruw Frpshwlwlrq dqg Uhvsrqvh1 Fklfdjr= Xqlyhuvlw| ri Fklfdjr
Suhvv/ 4<;5/ ss1 55605761
Jurvvpdq/ Jhqh P1 dqg Khospdq/ Hokdqdq/ Surwhfwlrq iru Vdoh/ Dphulfdq
Hfrqrplf Uhylhz/ Vhswhpehu 4<<7/ ;7 +7,/ ss1 ;660;831
Jurvvpdq/ Jhqh P1 dqg Khospdq/ Hokdqdq/ Wudgh Zduv dqg Wudgh Wdonv/
Mrxuqdo ri Srolwlfdo Hfrqrp|/ Dxjxvw 4<<8/ 436 +7,/ ss1 9:80:3;1
Kloopdq/ Du|h/ O1/ Ghfolqlqj Lqgxvwulhv dqg Srolwlfdo0Vxssruw Surwhfwlrqlvw Pr0
wlyhv/ Dphulfdq Hfrqrplf Uhylhz/ Ghfhpehu 4<;5/ :5 +8,/ ss1 44;30
44;:1
Krhnpdq/ E1 dqg P1 Nrvwhfnl/ Wkh Srolwlfdo Hfrqrp| ri wkh Zruog Wudg0
lqj V|vwhp= Iurp JDWW wr ZWR1 R{irug Xqlyhuvlw| Suhvv/ 4<<81
Mdfnvrq/ Mrkq K1/Zruog Wudgh dqg wkh Odz ri JDWW1 Wkh Ereev0Phuuloo
Frpsdq|/ Qhz \run= +4<9<,1
Nhps/ P1 dqg K1 Zdq/ Mu1/ Dq Hohphqwdu| Sursrvlwlrq Frqfhuqlqj wkh Irupd0
wlrq ri Fxvwrpv Xqlrqv/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 9/ 4<:9/
ss1 <80<;1
Nuxjpdq/ Sdxo U1/ Wkh Pryh Wrzdug Iuhh Wudgh ]rqhv/ lq Srolf| Lpsolfd0
wlrqv ri Wudgh dqg Fxuuhqf| ]rqhv= D V|psrvlxp Vsrqvruhg
e| Wkh Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw|1M d f n v r q K r o h /
Z|rplqj= Wkh Ihghudo Uhvhuyh Edqn ri Ndqvdv/ Dxjxvw 55057/ 4<<4/
ss1 :0741
Nuxjpdq/ Sdxo U1/ Zkdw vkrxog Wudgh Qhjrwldwruv Qhjrwldwh DerxwB/ Mrxuqdo
ri Hfrqrplf Olwhudwxuh/ Pdufk 4<<:/ 68 +4,/ ss1 44604531
Oxghpd/ U1/ Lqwhuqdwlrqdo Wudgh Edujdlqlqj dqg wkh Prvw0Idyruhg0Qdwlrq Fodxvh/
Hfrqrplfv dqg Srolwlfv/ 6/ 4<<4/ ss1 40531
Pd|hu/ Zroijdqj/ Hqgrjhqrxv Wdul Irupdwlrq/ Dphulfdq Hfrqrplf Uhylhz/
Ghfhpehu 4<;7/ :7 +8,/ ss1 <:30<;81
PfDihh/ Suhvwrq dqg Pdulxv Vfkzduw}/ Rssruwxqlvp lq Pxowlodwhudo Yhuwlfdo
Frqwudfwlqj= Qrqglvfulplqdwlrq/ H{foxvlylw|/ dqg Xqliruplw|/ Dphul0
fdq Hfrqrplf Uhylhz/ Pdufk 4<<7/ ;7 +4,/ ss1 54305631
78PfFdopdq/ S1/ Pxowlodwhudo Wudgh Qhjrwldwlrqv dqg wkh Prvw0Idyruhg0Qdwlrq
Fodxvh/ Sk1G1 Glvvhuwdwlrq/ 4<<;/ Wkh Xqlyhuvlw| ri Zlvfrqvlq1
PfPloodq/ Mrkq/ D Jdph0Wkhruhwlf Ylhz ri Lqwhuqdwlrqdo Wudgh Qhjrwldwlrqv=
Lpsolfdwlrqv iru wkh Ghyhorslqj Frxqwulhv/ lq Mrkq Zkdooh| +hg1, Gh0
yhorslqj Frxqwulhv dqg wkh Joredo Wudglqj V|vwhp= Yroxph 41
Dqq Dueru= Wkh Xqlyhuvlw| ri Plfkljdq Suhvv/ 4<;</ ss1 590771
PfPloodq/ Mrkq/ Grhv Uhjlrqdo Lqwhjudwlrq Irvwhu Rshq Wudgh= Hfrqrplf Wkh0
ru| dqg JDWW*v Duwlfoh [[LY/ lq N1 Dqghuvrq dqg U1 Eodfnkxuvw
+hgv1,/ Uhjlrqdo Lqwhjudwlrq dqg wkh Joredo Wudglqj V|vwhp1
Kduyhvwhu Zkhdwvkhdi/ Khpho Khpsvwhdg/ 4<<6/ ss1 5<5063<1
Rovrq/ Pdqfxu/ Wkh Orjlf ri Froohfwlyh Dfwlrq/ Fdpeulgjh/ PD= Kduydug
Xqlyhuvlw| Suhvv/ 4<981
Shwhuvpdqq/ Huqvw0Xoulfk/ Wkh JDWW2ZWR Glvsxwh Vhwwohphqw V|vwhp=
Lqwhuqdwlrqdo Odz/ Lqwhuqdwlrqdo Rujdql}dwlrqv dqg Glvsxwh
Vhwwohphqw/ Orqgrq= Noxzhu Odz Lqwhuqdwlrqdo Owg1/ 4<<:1
Vulqlydvdq/ WQ/ Uhjlrqdolvp dqg wkh ZWR= Lv Qrqglvfulplqdwlrq SdvvhB/ lq
Dqqh R1 Nuxhjhu +hg1,/ Wkh ZWR dv dq Lqwhuqdwlrqdo Rujdql}d0
wlrq1 Fklfdjr= Wkh Xqlyhuvlw| ri Fklfdjr Suhvv/ 4<<;/ ss1 65<067<1
Vwdljhu/ Urehuw Z1/ Lqwhuqdwlrqdo Uxohv dqg Lqvwlwxwlrqv iru Wudgh Srolf|/ lq
Jhqh P1 Jurvvpdq dqg Nhqqhwk Urjr +hgv1, Wkh Kdqgerrn ri
Lqwhuqdwlrqdo Hfrqrplfv/ Yroxph 61 Dpvwhugdp= Qruwk Kroodqg/
4<<8/ ss1 47<8048841
Zlqwhuv/ O1 Dodq/ Uhjlrqdolvp dqg wkh Uhvw ri wkh Zruog= Wkh Luuhohydqfh ri
wkh Nhps0Zdq Wkhruhp/ R{irug Hfrqrplf Sdshuv/ Dsulo 4<<:/ ss1
55;05671
431 Dsshqgl{
S u r r ir iS u r s r v l w l r q8+ P I Q 0 H ! f l h q wW d u l  v , =Wr suryh wklv sursrvlwlrq/
zh uvw lghqwli| vrph jhqhudo uhodwlrqvklsv dqg wkhq hvwdeolvk wkuhh ohppdv1 Zh
revhuyh wkdw iru hyhu| c 5i c2j zlwk  9' /z hk d y h =
+D4,1 i `￿ 'd `R n `R￿o
Yh R￿
Y￿ n `Rh R￿ : f





























79zkhuh wkh h{suhvvlrqv duh vljqhg lq dffrugdqfh zlwk Dvvxpswlrq 5*1 Xvlqj wkhvh





























































































Zh frqvlghu qh{w wkh uvw0rughu frqglwlrqv ri Surjudp 8  `1D w d q
PIQ0h!flhqw wdul yhfwru/ wkhuh pxvw h{lvw pxowlsolhuv b￿  f dqg b2  f vxfk
wkdw=
+D44,1 i `￿ n b￿i `W￿
￿ n b2i `W2
￿ 'f c
+D45,1 i `￿W￿ n b￿i `W￿
￿W￿ n b2i `W2
￿W￿ 'fdqg
+D46,1 i `￿W2 n b￿i `W￿
￿W2 n b2i `W2
￿W2 'f 
Wr fkdudfwhul}h wkh PIQ0h!flhqf| iurqwlhu/ zh surfhhg h{kdxvwlyho| wkurxjk
wkuhh fdvhv= `R : f/ `R 	 f dqg `R 'f 1 Rxu qglqjv duh vxppdul}hg lq
wkh iroorzlqj wkuhh ohppdv=

















Surri= Jlyhq `R : f/ wkh uvw lqhtxdolw| iroorzv gluhfwo| iurp Dvvxpswlrq 5*
dqg +D;,1 Wr hvwdeolvk wkh rwkhu lqhtxdolwlhv/ zh xvh wkh uvw rughu frqglwlrqv iru
 +l1h1/ +D44,, dqg W￿ +l1h1/ +D45, ru +D46,/ dv dssursuldwh, wr vroyh iru b￿ dqg


















































Dv b￿ pxvw eh qrq0qhjdwlyh dqg qlwh/ wkh uvw lqhtxdolw| hvwdeolvkhg deryh wr0












zklfk xqghu +D<, lv htxlydohqw wr `W￿
RW￿ : f1







1 Xvlqj +D47,/ +D49, dqg Dvvxpswlrq 5*/







/ dqg vr zh kdyh rqo| wr holplqdwh wkh fdvh
ri htxdolw|1 Wr wklv hqg/ zh xvh wkh uvw rughu frqglwlrqv iru W￿ dqg W￿ wr vroyh


































































































zklfk xqghu +D43, uhtxluhv `W￿
RW￿ 'f 1 Exw wklv frqwudglfwv rxu qglqj deryh wkdw
`W￿






/d q gw k ho h p p dl vs u r y h g 1

















7;Surri= Jlyhq `R 	 f/ wkh vhfrqg lqhtxdolw| iroorzv gluhfwo| iurp Dvvxpswlrq 5*










/z k l f k
zlwk +D<, |lhogv `W￿















1 Wkhq/ xvlqj +D4;, zh pd| djdlq ghulyh wkdw +D4<, pxvw
krog/ zkhqfh xqghu +D43, lw iroorzv wkdw `W￿
RW￿ 'f / d frqwudglfwlrq1
Ohppd D6= Vxssrvh `R 'fdw dq PIQ0h!flhqw vhw ri wdulv1 Wkhq=





















Surri= Jlyhq `R 'f / sduw +l, iroorzv gluhfwo| iurp +D;,1 Frqvlghu qh{w sduw
+ll,1 Xvlqj wkh qglqj iurp sduw +l,/ zh wkh qhfhvvdu| PIQ0h!flhqf| frqglwlrq





























Exw wkh uvw whup lv srvlwlyh/ xqghu +D<, wkh vhfrqg whup lv }hur li dqg rqo| li
`W￿
RW￿ 'f / dqg xqghu +D43, +diwhu uhyhuvlqj wkh l*v dqg m*v, wkh wklug whup lv
}hur li dqg rqo| li `
W￿
RW￿ 'f 1 Vlqfh wkh vhfrqg ru wklug whup +ru erwk, pxvw eh
}hur/ wkh ohppd iroorzv1
7<